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“The only antibiotic that combats 
Pseudomonas infection really 
effectively is Polymyxin.... 


.... known as ‘AEROSPORIN’. .. . avail- 
able as Polymyxin B Sulphate powder in 
vials containing 500,000 units. It may be 
given by mouth and by intravenous, intra- 
muscular, intrathecal, subconjunctival, and 
intrapleural routes....may be given by 
mouth for bowel infections which do not 
respond to sulphonamides, streptomycin, or 
neomycin. ....The indication for its use in 
severe infections that resist other antibiotics 
usually outweighs the risk of toxicity.” 


AEROSPORIN: 
Polymyxin B Sulphate 


bral BURROUGHS WELLCOME & CO, LONDON 


(The Wellcome Foundation Lrd.) 


| 
g Annot., Lancet, i, 375, 1960. 
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Teaching Emphysema Patients Diaphragmatic 
Breathing 


Spencer’s Gordon-Barach Support 


it visually demonstrates to the patient whether or not his dia- 
phragmatic breathing technique is correct. 


It strengthens abdominal muscles through exercise-—thereby making 
the practice of diaphragmatic breathing more instinctive. 


Expiratory ventilation of lungs is improved by the recoil-type thrust 
of the springs during exhalation. 


The Gordon-Barach Support is an adjunct to diaphragmatic breath- 
ing. Special steel springs incorporated into the abdominal pad are 
compressed during inhalation when abdominal muscles are properly 
used. Increased tension of these compressed springs aids expiratory 
ventilation. 


For further information write to: 


SPENCER (BANBURY) LTD. 


Consulting Manufacturers of 
SURGICAL AND ORTHOPAEDIC SUPPORTS 


SPENCER HOUSE, BANBURY, OXFORDSHIRE.  Tel.: 2265 
London Office : 2, South Audley Street, W.1. Tel.: GROsvenor 4292 
Appliances supplied under the National Health Service through Subsidiary Company 


Spencer (Surgical Supplies) Ltd 


Trained Retailer-Fitters resident throughout the United Kingdom. Name and address 
of nearest Fitter supplied on request. 


Copyright. 
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POLYBAGTRIN 


and POST-OPERATIVE SEPSIS 


A survey of over 

6,000 major surgical cases 
included ina 

4 year clinical study 


Polybactrin Introduced} 


\ 


Effect of Polybactrin 
on post-operative 


sepsis 


“Staphylococcal infection of surgical wounds was studied 
in one hospital for four years. The yearly infection-rate fell 
progressively from 6. 71°,, in 1957 to 1.8”, in 1960. Reasons 
are given for the belief that the improvement was due 
to the increasing use in the operating-theatres of an anti- 
biotic mixture of neomycin, bacitracin, and polymyxin B 
(‘Polybactrin’) which was sprayed periodically into the 
wound during the course of the operation. 

The incidence of infection among wounds which were 
sprayed in this way (2.0°,,) was less than half that of wounds 
not so treated (4.3°,,) and during the last year of the survey 
the infection-rate among over 1,000 sprayed wounds was 
as low as 1.2",,”. 

* Forbes G. B. Lancet, ii, 505 (1961) 


Calmic Limited Crewe Cheshire Tel : Crewe 3251 
LONDON : 2 Mansfield Street, W.1. 
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MELOLIN is a dry, absorbent surgical 
dressing with a smooth, fibre-free surface 
that does not stick to the wound or interfere 
with healing. 

It is made of absorbent lint, firmly bonded 
to a fine, pliable film of polyester plastic, 
which is perforated with a regular pattern of 
minute holes — 2,600 to the square inch. 


The surface is smooth and glossy, yet Melolin 


ab sorb ent ctnochs a ond other exudates and keeps 


Lifts off cleanly 
Does not become 


non-adherent embedded in granulation tissue 


Does not stick to sutures, skin or dried 
exudates 


a 
dressing Keeps wounds dry: permits drainage and 
evaporation of exudates 
10 x 10 cm. in bags of 100 


AVAILABILITY | 1° X 20 cm. in bags of 50 
20 x 30 cm. in bags of 50 


After operation showing result of amputation ang After 4 days Melolin has been lifted_off, completely dry, 
repair—before dressing with Me/olin without adhesion. Uneventf{u/ healing has begun 


another aid to surgery Smith & Nephew Ltd., WELWYN GARDEN CITY . HERTFORDSHIRE 
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For the patient who just can’t 
get going again after illness 


pp vitality is low and the 
appetite poor, patients can be 
helped on considerably by a course 
of the new anabolic agent- 
‘Anapolon.’ 

Given in tablet form, ‘Anapolon’ 
stimulates protein utilisation and 
the build-up of body tissues. It 
restores the metabolic balance and 
the patient steadily regains appetite, 


puts on weight and shows general 
improvement. 

‘Anapolon’ brings benefit to 
children as well as adults by acceler- 
ating recovery during the con- 
valescent period after febrile and 
wasting disease, injury or surgical 
operation — whenever the protein 
reserves are depleted. 


Build him up with Anapolon 


Orymetholone TRADE MARK 


Tablets (5 mg.) in 25’s, 100’s end 500’s. 
Basic N.H.S. costs 19/-, 70/- and 340/- respectively. 


A PRODUCT OF THE SYNTEX CORPORATION 


IMPERIAL CHEMICAL INDUSTRIES LIMITED PHARMACEUTICALS DIVISION WILMSLOW CHESHIRE 


Ph. 
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for nade-to-measure plaster slabs 


The wastage of time and material caused by making up 
Plaster of Paris bandage slabs from rolls or pre-cut lengths 
has now been eliminated. 


Gypsona is now supplied in a continuous zig-zag length of 
6 thicknesses in a dispenser pack, so that it can be cut 
quickly and exactly to any desired length of slab. 

ELIMINATES WASTE 


@ SAVES TIME in unpacking, measuring, 
cutting and making up 


SAVES SPACE in storage and handling 
REDUCES COSTS 


continuous 
SLAB PACK 


Smith & Nephew Limited, WELWYN GARDEN CITY, HERTFORDSHIRE 
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Aldactone 


Brand of Spironolactone (SC9420) 
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This is 
ELASTOPLAST 


SUPERIOR REGAIN after stretching. Yet EVEN POROSITY—minute holes all over its 
Elastoplast is all cotton and has no rubber surface allow sweat and exudates to escape, 
threads even through more than one layer 


EDGES FREE FROM ADHESIVE 


| FIRM BUT YIELDING SUPPORT 


prevent sticking to clothing. POSITIVE ADHESION for pressure bandaging, for 
Fluffed edges avoid cutting immediately on contact securing dressings and for im- 
the skin mobilisation without rigidity 


No other bandage has all these advantages 


Elastoplast ELASTIC ADHESIVE BANDAGE (POROUS) B.P.C. 


an aid tosurgery Smith & Nephew Limited Welwyn Garden City, Hertfordshire 
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THE BEST 
INVESTMENT 


| MADE 


An Insurance Policy with my profession’s own 


Insurance Society. |’ve never regretted it. 


They specialise in 
Non Cancellable With Profit 
SICKNESS AND ACCIDENT INSURANCE. 
LIFE ASSURANCE. 


PERSONAL PENSION POLICIES. 


When you are buying a car or equipment, why not ask for details of the 
Hire Purchase Scheme of our subsidiary company—the Medical Sickness 
Finance Corporation, of 7 Cavendish Square, London, W.!. Telephone 
Museum 1686. 


Write to the General Manager and Actuary or ‘Phone MUSeum 1686. 


*% MEDICAL SICKNESS SOCIETY 


3 CAVENDISH SQUARE, LONDON, W.1!. 
Telephone: MUSeum 1686 (10 lines) 


* MEDICAL SICKNESS ANNUITY AND LIFE ASSURANCE SOCIETY LIMITED 
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THE COMPLICATIONS WHICH FOLLOW DIVERSION OF THE 
URINARY STREAM 


Hunterian Lecture delivered at the Royal College of Surgeons of England 
on 
14th December 1960 
by 
Owen Daniel, M.S., F.R.C.S. 
Consultant Surgeon, Royal Alexandra Hospital, Rhy! 


FEW SURGICAL PROBLEMS have been the subject of more study than those 
which attend operations for diversion of the urinary stream, and some 
idea of the magnitude of these problems may be gained from realization 
that although new techniques, or modifications of the old, have been 
reported at the rate of one or two a year, for over a hundred years, a 
generally acceptable method has not yet been found. 


The methods which have hitherto been described may be classified, 
broadly, into those which result in loss of sphincter control over urine, 
or faeces, or both urine and faeces, and those in which sphincter control 
over the excreta is retained. 


The relative merits of the different procedures depend essentially upon 
two factors. One of these is the extent to which normal life can be 
resumed if recovery is uneventful and the other the incidence and severity 
of postoperative complications. 


As judged by the first criterion, by far and away the most satisfactory 
method is transplantation of the ureters into the uninterrupted sigmoid 
colon, and there are reports of patients who have led virtually normal 
lives for long periods following such operations (Turner, 1946). All 
other procedures involve loss of sphincter control over the excreta and 
impose a varying burden of inconvenience on the patient. Probably the 
lightest burden is a terminal left iliac colostomy above an isolated recto- 
sigmoid bladder, and the heaviest, bilateral cutaneous ureterostomy or 
a wet colostomy. 


If we look at the complications which follow diversion of the urinary 
stream we find a sombre picture which depicts clearly the seriousness of 
our present difficulties. 


These complications may be classified into those which appear early, 
that is within a month of the operation, and those which appear later. 
The former can be subdivided into those which may attend any operation 
on elderly patients, most of whom are afflicted with cancer. The late 
complications almost invariably take the form of progressive renal 
damage, often accompanied by biochemical disturbances of which the 
most common pattern of serological change is hyperchloraemic acidosis. 
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The most serious early postoperative complications result in death, 
and the operation mortality rate after the main forms of urinary diversion 
in use to-day is shown in Table I, from which it is seen that the mortality 
rate after the Coffey | operation (Coffey, 1911) is 26 per cent. for patients 
with pelvic cancer and 12.5 per cent. for those without cancer. The direct 
anastomosis of Nesbit (1949) and Cordonnier (1949) causes a mortality 
of 20 per cent.; the Leadbetter (1950) method, as judged from two small 
and probably carefully selected series, a mortality of a little less than 14 
per cent.; the isolated recto-sigmoid bladder, again in a very small and 
probably select series, a mortality of only 6 per cent. 


A rough idea of the importance of late renal damage may also be 
gained from Table I, from which it is seen that the incidence of hyperchlor- 
aemic acidosis may range to above 48 per cent. 


TABLE I 
THe RESULTS OF DIFFERENT METHODS OF 
PERMANENT URINARY DIVERSION 
(compiled from various sources and expressed as percentage 
of total number of patients) 


No. of Operative mortality rate Post-operative 
Operation No. of public- _with pelvic without pelvic hyperchloraemic 
patients ations cancer cancer acidosis 
Coffey | 2105 14 26.1 12.5 37 


Nesbit- 
Cordonnier 429 20 


Leadbetter 44 13.6 
Isolated 


Recto-Sigmoid 
ladder 33 


Ideal 
Bladder 390 


10.4 

Cutaneous 

Ureterostomy 309 a } 22.0 

The nature of the principal early complications which follow uretero- 
colic anastomosis and the formation of an ileal bladder is shown in 
Table I1, from which it is seen that the most important sequelae which can 
be directly attributed to transplantation of the ureter are ileus, urinary, 
or urinary and faecal fistulae, peritonitis or evisceration. 


The troublesome ileus which so frequently follows these operations 
is apparently due to two main causes: first, a true reflex inhibition of 
intestinal motility, which is probably due to overaction of the sympathetic 
nervous system, and, secondly, paralysis of the gut associated with 
peritonitis. It is also known that there are many other contributory and 
predisposing factors such as hypoproteinaemia, electrolyte disturbances 
or the excessive ingestion of air (Aird, 1957; Le Quesne, 1957). 
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THE COMPLICATIONS WHICH FOLLOW DIVERSION OF THE URINARY STREAM 


It is believed that the commonest cause of intraperitoneal infection is 
leakage at the site of the anastomosis (Hinman et a/., 1936) and that the 
leakage may result from imperfect closure of the anastomosis, sutures 
perforating the whole thickness of bowel or ureteral wall, sutures tearing 
out or local necrosis from interference with the blood supply of the ureter. 
The same factors are also believed to be responsible for postoperative 
urinary or faecal fistulae. 


TABLE II 


POSTOPERATIVE COMPLICATIONS AFTER URETERO-SIGMOID ANASTOMOSIS AND 
ILEAL URETEROSTOMY 


Uretero-sigmoid 
Complications anastomosis Jleal-ureterostomy 
per hundred (Jacobs & Stirling, 1952) (Wells, 1956) 
patients (1673 patients) (207 patients) 


None 

Ileus 

Urinary fistula 

Peritonitis 

Evisceration 

Faecal fistula 

Urinary and faecal fistula 

Other complications 

I believe it is probably true to say that hitherto the complications to 
which reference has now been made have generally been attributed to 
faults in surgical technique, and that efforts to improve results have been 
directed mainly towards the evolution of alternative techniques, which 
explains why new methods or modifications of the old have appeared 
in such profusion. 


But during the twelve years or so that I have been interested in this 
problem it has gradually occurred to me that the fault has often lain, not 
in technical factors, but in various peculiarities in respect of anatomy, 
physiology and immunity to bacterial infection, and that these peculiarities 
may explain why so many patients perish miserably following meticulous 
application of procedures which on other occasions give excellent results. 


In this lecture it is proposed to deal mainly with some of these individual 
variations, and the factors to be discussed are the blood supply of the 
human ureter, hydrostatic pressure within the artificial bladder, the 
absorption of urinary constituents following uretero-colic anastomosis 
and renal failure. 


The blood supply of the human ureter 


Review of the literature dealing with the blood supply of the human 
ureter shows that there is great diversity of opinion regarding the import- 
ance of ischaemic necrosis as a cause of complications following trans- 
plantation of the duct and for this there are two main reasons: first, 
ureteral necrosis may be followed by many different clinical manifestations 
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and, secondly, unaided observation during the course of operation gives 
no indication when the vitality of the duct is paired. Accordingly, 
a series of experiments was undertaken on cadavers, with the object of 
mimicking as closely as possible the events which occur at operation and 
of studying the effect on the vasculature of the duct of different types of 
ureteral mobilization (Daniel and Shackman, 1952). 


In these experiments a warm solution of colloidal barium sulphate in 
gelatine was run into the thoracic aorta at a pressure equivalent to 120mm. 
of mercury. This medium flowed freely as far as the capillaries of the 
abdominal viscera, and when cooling occurred set into a white jelly which 
was readily visible on radiography or in specimems cleared by Spalteholz’s 
method. 


The main conclusions drawn from this experimental work were that the 
blood supply of the right and left ureters is seldom symmetrical and that 
there is also marked variation between the blood supply of different 
individuals. Consequently routine division of the duct, at the customary 
point above the bladder, irrespective of these differences, is likely to result 
in ischaemic necrosis of either one or other ureter in 10-15 per cent. of 
subjects. 


Clearly great caution must be exercised in relating the results of injection 
experiments on cadavers to the effects of operations on the living, but | 
have, more recently, been able to analyse clinical data which has sub- 
stantiated the predictions based upon this experimental work. 


The clinical effects of ureteral necrosis depend upon the kind of trans- 
plantation performed and the extent of the ischaemic process. 


Following the Coffey | operation, sloughing of that portion of the ureter 
left projecting into the bowel lumen is the rule and usually causes no 
trouble. The new stoma then lies flush with the bowel wall so that 
complete epithelialization occurs and this indeed gives a perfect anatomical 
result. Minimal necrosis leaves an intra-luminal stump of ureter which 
fails to epithelialize and which persists as a source of infection and 
obstruction. If sloughing occurs to a point above the sub-mucosal 
tunnel, urine, or a mixture of urine and faeces, may escape into the 
peritoneal cavity, discharge from the wound, or be contained in a local 
abscess which later drains into the rectum. In all but the latter event 
grave clinical manifestations appear early, and may cause death, or if 
recovery ensues, often after a stormy convalescence, function is usually 
lost in the kidney of the affected side. If the ureter sloughs for an 
appreciable distance within the sub-mucosal tunnel, union of mucosa to 
mucosa is either delayed or never achieved, and as the resulting granulating 
tract narrows so it causes obstruction which leads to hydronephrosis or 
complete obliteration of function of the affected kidney. The typical 
appearance of a ureter which has sloughed away from the bowel into 
which it was transplanted, and subsequently became completely occluded, 
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is shown in Figure |. It is of interest that there was no direct clinical 
evidence of the destruction of this kidney, although serial intravenous 
pyelograms showed progressive deterioration and finally cessation of 
function on the affected side. 


Through the kindness of Professor lan Aird I have been able to review 
the Postgraduate Medical School records of 78 patients submitted to 
uretero-colic anastomosis during the years 1937 to 1952 inclusive. 


Fig. 1. This ureter was transplanted by the Coffey 1 method. The implanted 
portion has sloughed and ends in a dilated blind stump a few millimetres outside 
the wall of the bowel. Function of the kidney of this side was completely destroyed. 


Although postoperative inspection of the anastomosed parts was 
effected in less than a half of these subjects, unequivocal evidence of gross 
ureteral necrosis was found in four patients and had resulted either in 
death or destruction of the affected kidney. Similar clinical manifesta- 
tions to those occurring in these four subjects had appeared in another 
five patients, and it is reasonable to suppose that, if autopsy or surgical 
exploration had been performed on all, objective evidence of ureteral 
necrosis would have been found more often. 


Accounts of patients in whom ureteral necrosis followed ureterocolic 
anastomosis are found in papers read to the Royal Society of Medicine by 
Nitch (1932), Ward (1936) and Adams (1946). Evidence of gross ureteral 
necrosis occurred in five out of a total of 44 patients reported by these 
three surgeons. 
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If this evidence concerning the significance of necrosis of the trans- 
planted ureter is accepted, it may well be asked: ** Of what value is this 
information?” The answer to this question is clear. First, recognition 
of any one of the possible causes of failure following operation is of im- 
portance in evaluating other factors which may be incriminated. 
Secondly, once the danger of ischaemic necrosis is recognized the following 
simple precautionary steps can be taken: 


1. The details of the blood supply of the ureter should be studied, 
by raising adequate peritoneal flaps, before the duct is divided. 


2. The ureter should be mobilized from below upwards, by dividing 
the fascia on its medial side, thus avoiding damage to the ureteric vessels 
which always approach the duct from its lateral side. In this way it is 
usually possible to free a sufficient length of ureter to allow satisfactory 
anastomosis whilst preserving the “ mesentery ” containing the ureteric 
artery. If there is no sign of a ureteric artery arising from the common or 
internal iliac artery, or if technical considerations demand the sacrifice 
of this vessel, the ureter should be divided at a point not more than an 
inch below the bifurcation of the common iliac artery. 


3. If doubt persists it is of value to inject 5 ml. of fluorescein intraven- 
ously while the end of the ureter is inspected under an ultra-violet light 
in the darkened theatre. Under these conditions a yellow-green glow will 
be seen to spread through all viable tissues within seconds of the injection. 


4. The site of implantation should always be drained, preferably by a 
tube laid outside the peritoneum. This provides a valuable safeguard 
against some of the harmful consequences of ureteral necrosis and in 
addition provides early evidence of leakage from the anastomosis. 


5. If at all possible the anastomosis should be re-explored as soon as 
evidence of a leak appears. Re-exploration of the ureter may save the 
patient’s life and the function of the affected kidney. 


In this connection it must be admitted that a leak is not always due to 
ureteral necrosis, as shown by the following case history. 


Evidence of a leak occurring in the absence of ureteral necrosis was found 
in one of the Postgraduate Medical School patients who died of peritonitis 
five days after the Coffey | operation. At autopsy both anastomoses 
appeared normal, but fluid injected into the rectum, at low pressure, 
escaped freely into the peritoneal cavity from the point of entry of the 
right ureter into the gut. 


A phenomenon which may possibly explain this has been reported by 
Dempster and Daniel (1956), who found that 15 minutes after the ureter 
has been divided the ends of the duct swell considerably, due to oedema, 
and it is therefore possible that an anastomosis which seems to the surgeon 
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to be snug and watertight when completed will leak if this oedema subsides 
before satisfactory union has occurred. This would be a hazard peculiar 
to the Coffey and Stiles operations, as in the direct forms of uretero- 
intestinal anastomoses the mucosa-to-mucosa sutures, if accurately placed, 
are a safeguard against this danger. 


Hydrostatic pressure within the artificial bladder 

The relationship between pressure within the artificial bladder and 
postoperative renal failure has been studied by Mr. B. N. Catchpole and 
the present author in the University Department of Surgery, in Sheffield, 
using the apparatus shown diagramatically in Figure 2. 


Apparatus for the simultaneous 
recording of Bladder and Rectal pressures 


Fig. 2. Diagram of apparatus used to record bladder and recto-sigmoid pressures. 

The catheters in the bowel and bladder are each joined to a T-tube, one end of which 

is coupled to a motor-driven syringe containing water and the other to a pressure 

transducer. The transducers are connected to a Grass electro-encephalogram, 

which records continuously on a moving roll of paper. The metal stop-cocks 
which couple each tube to the T-junction are not shown. 

Pressure within the colon or bladder was transmitted through a fine 
polythene tube which was joined to a T-piece, one limb of which led to a 
Statham pressure transducer,* and the other to a mechanical apparatus 
which injected water at a very slow rate. This injection ensured that the 
end of the catheter was kept open and the whole system full of water 
which then acted as a pressure conductor. The Statham pressure gauge 
was linked to a portable Grass electro-encephalogram,t which provided 
a direct recording of the pressure changes detected by the transducer. 


* Statham Instruments Inc., 254 Capital Road, Hato Rey, Porto Rico—model P3. 
+ Grass Instrument Co., Old Colony Avenue, Quincey, Mass.—model 3D. 
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To date 36 individuals have been investigated, many of them on up to 
four or five separate occasions. Most of the pressure studies lasted 
two-and-a-half to three hours, but several of the subjects were under 
continuous observation for periods of up to eight hours. Whenever 
possible simultaneous recordings were made from the lower sigmoid 
colon and bladder or artificial bladder. 


The information obtained fell into three main categories: 


First, pressure tracings from the bladder and lower sigmoid colon of 
normal subjects. 


Second, pressure tracings from the bladder of men suffering from 
either acute or chronic retention of urine. 


Third, pressure tracings from 12 patients with an artificial bladder. 


The tracings from the normal subjects showed that the sigmoid colon 
was usually in a state of almost constant activity as manifested by three 
types of waves, closely resembling those described by Alder, Atkinson 
and Ivy, in 1941, as waves of Types I, I], III. In addition we found in 
some individuals waves of greater amplitude and duration than any of 
which we have been able to find a published description. The duration 
of these waves, from crest to crest, was usually of the order of one or two 
hours, and the amplitude up to 20 or even 30 mm. of mercury. Super- 
imposed upon these slow waves there was almost constant activity in the 
form of waves which have previously been described as Types I, II, III. 


Repeated investigation of the same individual on different days, as well 
as several prolonged continuous recordings for periods of up to eight 
hours, generally gave consistent results, although it should be mentioned 
that all the tracings quoted in this lecture were obtained by means of 
a polythene tube with a single slightly oblique terminal opening and that 
tubes with multiple terminal openings gave different results. 


In general there was little difficulty in classifying the subjects examined 
into groups sharing low, medium or high bowel pressure. These groups 
are defined as follows: low bowel pressure, 14 mm. of mercury and under; 
medium bowel pressure, 15-19 mm. of mercury; and high bowel pressure, 
20 mm. of mercury and over. 


This arbitrary classification has been chosen because our observations, 
as well as those of others, indicate that pressure in the normal bladder 
seldom exceeds 15 mm. of mercury, except for brief periods preceding and 
during the act of micturition, and that harmful effects are likely to ensue if 
the lower ureter has to discharge against a sustained pressure of more than 
20 mm. of mercury. 


Low bowel pressure was found in 40 per cent. of the subjects examined, 
medium pressure in 32 per cent., and high bowel pressure in the remaining 
28 per cent. 
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There was seldom any difficulty in placing individuals in the low or 
high pressure groups, but the medium range was sometimes difficult to 
recognize in the presence of vigorous Type IV waves. 


Excerpts from tracings exemplifying low and high colonic pressures 
are shown in Figures 3 and 4, and an example of a Type IV wave in 
Figure 5. 


The result obtained from the 12 patients with an artificial bladder are 
given in Table III, which shows that there is a close correlation between 
postoperative renal function and pressure within the new bladder, 
irrespective of whether the new bladder has been fashioned from colon or 
an isolated loop of ileum. 


Fig. 3. Simultaneous record of pressure within bladder and lower sigmoid colon 
of a normal man aged 60. Pressure was of the same order in both viscera. 


In nine of the twelve patients pressure within the artificial bladder was 
consistently less than 14 mm. of mercury, and each had a good result as 
judged by essentially normal serum chemistry and good function in at least 
one kidney, as shown by intravenous pyelography. The duration of 
the period of follow-up in these patients varied from nine months to 
26 years. 


In the other three patients pressure within the artificial bladder exceeded 
23 mm. of mercury, and every one of these died of renal failure within two 
years of operation. Details of patients typifying these two groups are 
given in Figures 6, 7, 8 and 9. 


If our observations are correct, namely that 28 per cent. of normal 
individuals habitually have intracolonic pressures in excess of 20 mm. of 
mercury, and that if the ureters have to discharge against such pressures 
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serious renal damage will ensue, it must be concluded that failure will 
follow transplantation of the ureters, into the uninterrupted sigmoid colon, 
in at least 28 per cent. of patients, irrespective of the method of anastomo- 
sis used, and no matter how perfect the result from any other point of 
view. 


TABLE Ill 


RELATIONSHIP BETWEEN PRESSURE IN THE ARTIFICIAL 
BLADDER AND RENAL FUNCTION 


Pressure Renal Age at Type Duration 
Patient inartificial function Diagnosis time of of of 
bladder transplant transplant follow up 
1. PLL 10-12 Good Ectopia 6 mths. Coffey 12 yrs. 
vesicae 
2. D.R 8-9 24 yrs. _ Ileal loop 3 yrs. 
3. S.D. 8-11 Coffey 26 yrs. 
4. K.G. 10-13 i. = vag. 49 ,, de 20 yrs. 
st. 
5. W.W 7-10 Ca. B. 3 yrs. 
6. J.P. 9-11 12 yrs. 
7. G.P. 8-12 Direct to 3 yrs. 
isolated 
Recto- 
Sigmoid 


9-12 a 73 Leadbetter 9 mths. 


Direct to 
isolated Renal 

recto- Failure 
sigmoid 


ureterostomy 
12. M.D. 23-25 os Ectopia Coffey lleal- 
vesicae ureteros- 
tomy 
after 5 yrs. 


It is difficult to predict the result of ureterocolic anastomosis in the 32 
per cent. of individuals who have colonic pressures within the medium 
range, that is 15-20 mm. of mercury, although analysis of the results 
of large series of operations does throw some light on this problem. 
It was my privilege to review, through the kindness of Dr. Willet F. 
Whitmore, Director of the Urology Service, at the Memorial Center for 
Cancer, in New York, the result of ureterocolic anastomosis performed on 
135 patients, and it was found that 40 per cent. of those who had two 
normal kidneys before operation subsequently developed pyelographic 
evidence of bilateral hydronephrosis together with biochemical evidence 
of renal failure, whereas unilateral evidence of renal damage occurred in 
only 7 per cent. of these patients. 
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Fig. 4. Simultaneous record of pressure within bladder and lower sigmoid colon 
of a normal male aged 38 years. The average bowel pressure was 30 mm. Hg. 
throughout the three-hour period of observation. 


CM Age 57 yrs. 


at 15 mins. at 15Oming. 


Fig. 5. Pressure tracing from lower sigmoid colon of a normal man aged 57. 

During the first 95 minutes the average rectal pressure was 32 mm. Hg. There- 

after pressure fell gradually, reaching 18 mm. Hg. at 150 minutes. This gradual 

change is an example of a Type IV wave and superimposed on this there were 

waves of Types I, II, and III. The vertical curved lines are 0.5 cm. apart and the 
paper moved at a speed of 7.5 cm. per minute. 
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Supporting evidence that renal damage, following transplantation of 
the ureter, may be due to excessive pressure within the new bladder, 
comes from the frequent absence of any apparent mechanical cause of 
obstruction, in such cases, as shown in Figures 8 and 9. 


Further graphic evidence of the occurrence in some individuals of very 
high intrarectal pressure which was transmitted to the renal pelvis follow- 
ing transplantation of the ureter is found in the reports of Whisenand and 
Moore (1951) and Rusche and Cook (1953) of the explosive expulsion of 
intestinal gas from the nephrostomy tubes of two patients with direct 
mucosa-to-mucosa uretero-sigmoid anastomosis. 


Fig. 6. Pressure within the sigmoid colon of a man, aged 53, three years following 
satisfactory uretero-colic anastomosis by the Leadbetter technique (see Fig. 7). 


It need hardly be mentioned that patients who maintain virtually 
norma! renal function for many years following uretero-sigmoid anastomo- 
sis bear adequate testimony to the fact that in at least some individuals 
intracolonic pressure lies well within the limits of tolerance of the upper 
urinary tract. 


Location of the urine reservoirs following ureterocolonic anastomosis 


Review of the literature shows that reabsorption can be of decisive 
importance. Thus diversion of the entire urinary stream into the duode- 
num or even the ileo-caecal region of the uninterrupted alimentary tract 
is lethal within a few days (Baird, Scott and Spencer, 1917; Ormond, 
1933). 
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Of particular importance is the work reported by Hopewell (1959), 
in which it was shown that reabsorption is proportional to the area of gut 
exposed to urine and that if the kidney’s reserves are overtaxed by exces- 
sive reabsorption gross renal damage may quickly ensue. 


. 


Fig. 7. Intravenous pyelogram showing normal renal function three years after 
ureterocolic anastomosis by the Leadbetter technique. (Pressure was low in the 
artificial bladder—see Fig. 6.) 


Lapides (1951) and many other authors have reported urographic 
evidence that following uretero-sigmoidostomy the urinary reservoir 
occupies the whole, or greater part, of the large bowel. Indeed for this 
and related reasons Stamey (1956) has suggested that this operation 
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should be abandoned, and others have recommended routine use of an 
isolated recto-sigmoid bladder in order to limit the area of bowel exposed 
to urine. 


Paradoxically it is also well known, as has previously been mentioned, 
that many patients enjoy good health following ureterocolic anastomosis 
and then reabsorption is presumably not excessive. 


A record was therefore kept of the volume of the mixed urine and faeces 
voided by a number of patients following ureterocolic anastomosis and 
it was found that this volume varied from two to twelve ounces but that 
the vast majority of the uriniferous stools were of between four and six 
ounces, 


Fig. 8. Pressure within the lower sigmoid colon of a man, aged 55, two years 

after ureterocolic anastomosis by the Leadbetter technique. Pressure in the 

artificial bladder was consistently high and death from renal failure occurred two 

years after operation. The anastomosis on the left side was completely occluded 
but the other was quite patent. (See Fig. 9.) 


A five-ounce barium enema was then administered to a group of 15 
patients, each of whom appeared to have a normal large bowel, and it was 
found that in the majority the bulk of this fluid was evenly distributed 
throughout the rectum and colon to the level of the splenic flexure. In 
one (Fig. 10), the fluid was evenly distributed as far as the hepatic flexure, 
and in four the fluid was confined almost entirely to the ampulla of the 
rectum (Fig. 11). 

The administration of a 10-ounce barium enema in another group of 
five patients also showed marked individual variation. In some the fluid 


was distributed as far as the hepatic flexure and in others was confined 
mainly to the rectum and lower sigmoid. 
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In view of these findings it would seem unnecessary either to abandon 
ureterocolic anastomosis completely, or to condemn every patient to 
left iliac colostomy. Rather it would seem reasonable to ascertain 


Fig. 9. The kidneys and sigmoid colon of the subject of Fig. 8. The left kidney 
has been destroyed because the ureter, has sloughed away from’ the bowel wall and 
become completely occluded. The right renal tract is grossly dilated and infected, 
although the anastomosis was wide open and fluid ran through it at low pressure. 


before operation that renal function is adequate to maintain homeostasis 
in the face of the absorption likely to occur from the proposed new bladder; 
and here it should be stressed that two factors are involved, namely the 
kidney reserve as well as the bowel’s absorptive capacity. 
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Such a preoperative test can be performed by instilling all the urine 
voided over a period of a few days into the rectum and the patient asked 
to retain this for three to four hours, but allowed to void before each new 
instillation. One of the enemata should be made radio opaque so that 
the area of distribution can be seen. A record should be kept of fluid 
balance and daily estimation made of the blood urea, serum chloride 
concentration and the alkaline reserve. If signs of hyperchloraemic 
acidosis appear, uretero-sigmoid anastomosis is contra-indicated and 
consideration should then be given to the advisability of recommending 
transplantation of the ureters either into the isolated recto-sigmoid or 
into a segment of ileum. 


Fig. 10. Radiograph following the administration of a 5-ounce barium enema to 
a normal woman aged 39. In this individual ureterocolic anastomosis might result 
in excessive re-absorption of urinary constituents. 


Renal failure following diversion of the urinary stream 


The main causes of renal failure under these circumstances are infection 
and obstruction, and a relationship between these two factors is generally 
recognized in so far as obstruction not only predisposes to infection but 
also diminishes the natural ability of the kidney to throw off infection 
(Davis, 1958). Probably for this reason the effects of infection and 
obstruction are often found together, although on occasions they occur 
alone. 
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The true magnitude of the problem of renal failure can be appreciated 
only by prolonged follow-up studies because, despite the fact that the 
majority of deaths from this cause take place within the first year or two 
of operation, the onset of symptoms is often delayed and the course 
prolonged. Thus Harvard and Thompson (1951) in a long-term follow-up 
of 133 patients submitted to uretero-sigmoid anastomosis for congenital 
extrophy of the bladder found that renal failure was the cause of death 
of 65 per cent. of those who died more than a month after operation and 
that 69 per cent. of those who survived more than five years had symptoms 
and signs of renal damage. 


Fig. 11. Radiograph following the administration of a 5-ounce barium enema to 
a 50-year-old man. The area of bowel mucosa exposed to the medium is compara- 
tively small. 


Another relevant factor is the difficulty of establishing the early clinical 
diagnosis of renal disease following uretero-intestinal anastomosis. 
Acute episodes of pyelonephritis are sometimes easy to recognize clinic- 
ally, but often renal infection may progress insidiously to produce grave 
damage without causing recognizable symptoms, and for this reason 
there is usually a big discrepancy in the incidence of pyelonephritis, 
as diagnosed clinically and at autopsy. A good example of this is found 
in the report by Jacobs and Stirling (1952) that clinical pyelonephritis was 
found in only 2.3 per cent. of 1,673 patients who had ureterocolic anasto- 
mosis, whereas 50 per cent. of kidneys examined at autopsy showed 
evidence of infection. 
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One important factor influencing the results of operations for diversion 
of the urinary stream is the pre-operative condition of the kidneys. 


During the course of experiments on dogs Dempster and Daniel (1956) 
found that ureteral transplantation was followed by dilatation of the ureter 
and renal pelvis in 20 out of a total of 23 dogs showing evidence of pre- 
operative canine pyelonephritis, whereas similar changes occurred in 
only three out of a total of 12 dogs which were free of canine nephritis. 


Clinical evidence of the importance of the pre-operative condition of 
the kidney was found in the Memorial Center Series, where the incidence 
of death from renal failure within 18 months of ureterocolic anastomosis 
was 22 per cent. in patients with evidence of impaired pre-operative renal 
function as compared with 12 per cent. in patients with normal pre-opera- 
tive renal function. 


In view of the foregoing evidence it was interesting to find, on perusal 
of the autopsy and clinical records of the Postgraduate Medical School 
patients, that there was a poor correlation between the presence, orabsence, 
of signs of infection and the predisposing causes which have already been 
mentioned. This suggests that other factors are often involved. 


Autopsy was performed on 32 out of the 78 Postgraduate Medical 
School patients and evidence of pyelonephritis was found in 18, or 55 
per cent., of these. Although pyelonephritis was believed to be the main 
cause of death of nine, or 20 per cent., of the 32 patients who came to 
autopsy, no apparent predisposing cause could be found at autopsy in 
nine out of the 18 subjects in whom signs of pyelonephritis were discovered. 
In the other nine there were conditions which could conceivably be 
responsible, but, again, these very same conditions were not infrequently 
found in urinary tracts showing no signs of pyelonephritis. For example, 
pyelonephritis occurred in association with ureteral necrosis in only 
three out of five cases, with peri-ureteral sepsis in two out of three cases, 
with pre-operative urinary infection in nine out of 15 cases, with pre- 
operative evidence of hydronephrosis in seven out of nine cases, and 
with postoperative hydronephrosis in three out of eight cases (Table IV). 


When considering these discrepancies it must first be admitted that too 
much weight should not be attached to such a small series, and it must 
also be remembered that chronic pyelonephritis is a common condition in 
the general population as evidence of it is found, according to Raaschou 
(1948) and Brod (1956), in 6 per cent. of all autopsies, although the clinical 
diagnosis is often missed. It is therefore possible that if more accurate 
diagnosis of chronic pyelonephritis could be made both before and after 
transplantation of the ureter, a significant relationship might emerge. 
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Another possibility is that there may be significant variation in the 
natural immunity of different individuals to bacterial infection of the 
kidneys. But this is something which the present author is not competent 
to discuss any further, although obviously clarification of this point 
would be of help in the selection of patients for operation and any advances 
in current methods of preventing or treating urinary infection would be of 
great value. 


TABLE IV 


FACTORS PREDISPOSING TO PYELO-NEPHRITIS FOLLOWING 
URETERO-COLIC ANASTOMOSIS 
(P.G.M.S. series of 78 Patients, 1937-1952) 


Number of Patients 
Predisposing factor with without 
pyelo-nephritis pyelo-nephritis 


Cancer of bladder 
or pelvic organs 12 13 


Congenital 
abnormality of bladder 


Pre-operative 
urinary infection 


Normal pre-op. 1.V.P. 


Pre-operative 
hydro-nephrosis 


Post-op. hydro-ureter 
and hydro-nephrosis 


Horseshoe kidney 

Polycystic kidney 1 
Ureteral necrosis 3 2 
Post-op. peri-ureteral sepsis 1 1 


Finally the possible role of periods of excessive pressure within the ar- 
tificial bladder should be mentioned. Dyke and Maybury (1924) reported 
the results of an interesting series of experiments in which they injected, 
at varying pressures, an emulsion of staphylococci and carmine granules 
into the ureters of rabbits and found, to quote, “ that the renal papilla 
stands guard over the tubular system of the kidney, acting as a valve, 
passage through which, in the reverse direction, is a matter of impossibility 
although a sudden increase of pressure within the pelvis may effect 
rupture at the junction of the pelvic wall and renal pelvis, allowing the 
passage of infection outwards underneath the renal capsule”. The 
effect of such damaging back pressure was to produce a typical “ surgical 
kidney ” with distension of the renal pelvis with pus and exiensive sub- 
capsular abscesses. 
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Our own studies, as well as published reports, have shown that pressure 
of the order of 300 mm. of mercury may exist, over short periods, within 
the intact sigmoid colon, and it is possible that pressure of this magnitude— 
especially if accompanied by ureteral reflux—-could induce effects similar 
to those described by Dyke and Maybury (1924). Such a mechanism 
could well explain the occasional occurrence of fulminating and fatal 
pyelonephritis following uretero-sigmoid anastomosis, an event which 
sometimes occurs without warning in patients who appear to be progressing 
favourably and for which no cause can be found after death. 


To conclude, the main points which have been discussed are: 


The ideal form of urinary diversion should carry a low risk and yet 
ensure return to virtually normal activity, without dependence upon 
external appliances or frequent medical supervision. 


Of the procedures available at the present time, some form of implanta- 
tion of the ureters into the uninterrupted sigmoid colon interfered least 
with normal life; all other methods deprive the patient of sphincter control 
over the excreta but must be considered if ureterocolic anastomosis is 
not applicable. 


Although very satisfactory results are sometimes achieved, the value 
of the operations in use to-day is limited by a high incidence of sequelae 
which may cause death, either soon, or after a prolonged period of ill 
health. 


The main early complications are peritonitis, ileus, evisceration, and 
urinary or faecal fistulae. The most important late complications are 
renal damage and biochemical disturbances; some of the causes of these 
complications are the following: 


First, damage to the blood supply of the ureter is responsible for grave 
or fatal complications in 10 to 15 per cent. of patients in whom the ducts 
are divided at the customary site in the pelvis. 


Second, pressure within the artificial bladder is the most important 
single factor determining the fate of the upper urinary tract. In between 
30 and 40 per cent. of individuals, pressure is so high within the uninter- 
rupted sigmoid colon that grave renal failure is certain to follow deviation 
of the urinary stream into this viscus, irrespective of the technique used 
or the success of the operation from any other standpoint. 


Third, pre-operative renal damage, particularly the presence of pyelo- 
nephritis, has a very bad effect on the result of transplanting the ureter. 


Fourth, there is significant individual variation in the area of colonic 
mucosa from which re-absorption of urinary constituents occur following 
deviation of the urinary stream into the uninterrupted large bowel. 
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Thus in general terms the most important conclusion is that many of the 
complications of urinary diversion are due, not to purely technical faults, 
but to certain anatomical, physiological and pathological peculiarities. 
And herein lie the reasons why failure so often follows the meticulous 
application of procedures which sometimes give very satisfactory results. 


It is to be hoped that the application of the methods described in this 
lecture, for recognizing and avoiding certain potential dangers, should 
prove of value, first in finding ways of selecting the most appropriate form 
of urinary diversion to suit the requirements of the individual patient, 
and second in contributing towards the attainment of improved results 
from existing procedures as well as providing a basis from which further 
technical advances may be made. 


My last and most important duty is to express gratitude to the President 
and Council of the College for the privilege of giving this lecture and 
also my thanks to colleagues in London, New York and Sheffield for 
valuable assistance in carrying out the work which has been reported 
above. This lecture is based upon a thesis, submitted to the University 
of London, for the Degree of Master of Surgery (Daniel, 1960). 


REFERENCES 


Apams, A. W. (1946) Proc. Roy. Soc. Med. 39, 187. 

Ap er, H. F., ATKINSON, A. J., and Ivy, A. C. (1941) Amer. J. dig. Dis. 8, 197. 

Air, I. (1957) Companion in surgical studies, 2nd edition, p. 824. London, Livingstone, 

Bairb, J. S., Scott, R. L., and Spencer, R. D. (1917) Surg. Gynec. Obstet. 24, 482. 

Brop, J. (1956) Lancet, 1, 973. 

Correy, R. C. (1911) J. Amer. med. Ass. 56, 397. 

Corponnier, J. J. (1949) Surg. Gynec. Obstet. 88, 441. 

Danie, O., and SHACKMAN, R. (1952) Brit. J. Urol. 24, 334. 

Davis, D. M. (1958) J. Urol. 80, 93. 

Dempster, W. J., and Danie, O. (1956) Brit. J. Surg. 44, 225. 

Dyke, S. C., and Maysury, A. C. (1924) Brit. J. Surg. 12, 106. 

HARVARD, B. M., and THompson, G. J. (1951) J. Urol. 65, 223. 

HINMAN, F., and others (1936) Surg. Gynec. Obstet. 62, 909. 

Hopewe tL, J. (1959) Ann. Roy. Coll. Surg. Engl. 24, 159. 

Jacoss, A., and STIRLING, W. B. (1952) Brit. J. Urol. 24, 259. 

Lapipes, J. (1951) Surg. Gynec. Obstet. 93, 691. 

LeapsetTer, W. F. (1950) Trans. Amer. Ass. gen.-urin. Surg. 42, 39. 

Le Quesne, L. P. (1957) Postgrad. med. J. 33, 606. 

Nessit, R. M. (1949) J. Uroi. 61, 728. 

Nirtcn, C. A. R. (1932) Proc. Roy. Soc. Med. 25, 1413. 

Ormonpn, J. K. (1933) J. Urol. 29, 15. 

RaascuHou, F. (1948) Studies of chronic pyelonephritis (M.D. thesis, Copenhagen). 
Cited by Brod, J. (1956) Lancet, 1, 973. 

Ruscue, C. F., and Cook, W. C. (1953) J. Urol. 70, 447. 

Stamey, T. A. (1956) Surg. Gynec. Obstet. 103, 736. 

Turner, G. G. (1946) Brit. J. Urol. 18, 122. 

Warp, B. (1936) Proc. Roy. Soc. Med. 30, 137. 

WELLS, C. A. (1956) Brit. J. Urol. 28, 335. 

WHISENAND, J. M., and Moore, V. (1951) J. Urol. 65, 564. 


225 


j 
a wee 
i 
a 
cu 
| 
i 
| 
4 
an 


MEASUREMENT IN ANAESTHESIA 
Lecture delivered at the Royal College of Surgeons of England 
on 

13th October 1960 
by 
Ronald Woolmer, V.R.D., F.F.A.R.C.S. 
Professor of Anaesthesia, Royal College of Surgeons of England 


ANAESTHESIA IS IN a State of transition from an empirical art to an exact 
science: this involves an increasing use of measuring equipment. 


It behoves the anaesthetist, therefore, to know something of the prin- 
ciples of measurement. There is, of course, no such thing as absolute 
measurement. Any measurements which the anaesthetist may make are 
relative: they are comparisons between one value and another which 
is chosen as the standard but which is itself the result of other comparisons. 
In measuring the systolic blood pressure by conventional means, for in- 
stance, the length of a column of mercury is compared with the length 
of a scale put on the instrument by the manufacturer. This scale was 
transferred to the instrument from another scale, used by the manufacturer 
as a reference, and this scale in turn was constructed by reference to yet 
another. The process could be traced back, through a large number of 
transfers, to a national or an international standard, which is itself an 
arbitrary expression. Since the anaesthetist is mainly interested in changes, 
the fact that his measurements have little meaning in absolute terms does 
not detract from their value. 


Just as there is no such thins as an absolute measurement, so there is 
no such thing as an exact measurement. Every measurement—every 
comparison of two values—has some imprecision, and measurements 
cannot be used intelligently unless this is borne in mind. A measuring 
system often consists of a number of measurements, each with its own 
error. These errors may be additive, and the imprecision of the system 
must be regarded as the sum of the individual errors. It is wasteful to 
make one part of a measuring system many times more precise than the 
rest, for increasing precision always entails elaboration and expense. 
The logical approach is to decide upon the acceptable overall error and 
then to arrange that the error of each component is no more than a fraction 
of this. 


It is self-evident that the act of measurement should not disturb the 
parameter being measured. Though this is easy to state, it is sometimes 
difficult to achieve. Indeed, in the last resort—the determination of 
the position in space of very small particles—it becomes impossible, 
and this is the basis of Heisenberg’s Uncertainty Principle. A certain 
amount of interference by the measuring device may have to be accepted 
and allowed for. 
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Another important consideration is the frequency with which measure- 
ments should be repeated. Living systems are changing systems—their 
measurable characteristics necessarily vary with time. The frequency 
with which they should be measured is governed by two factors: the 
rate of change, and the importance of the change. 


The body weight of a patient changes slowly and changes in it are not 
of great significance (sudden loss of tissue, as may occur in surgery or 
trauma, is an obvious exception). The blood volume during surgery 
may change rapidly, by an important fraction of the total, and the changes 
are of vital significance. A single measurement, with an imprecision 
perhaps as high as 10 per cent., would generally be acceptable for the first. 
If it were possible, a continuous measurement of the second, precise to 
within | per cent., should be demanded. In special circumstances, the 
frequency and precision of measurements may be much greater than what 
is normally required. An example of this would be the measurement of 
body weight, before and after surgery, for the indirect determination of 
operative blood loss. 


Most measuring devices have a visual output in terms of linear dis- 
placement: the movement of a pointer over a dial, or of a meniscus of a 
bobbin in a tube. These are indicating devices, whose indication is 
evanescent. The only record of their position, at an instant of past time, 
is in the memory of the observer. For slowly changing parameters, 
of low significance, this is often sufficient. But if it is required to follow 
the pattern of change with time, and particularly if it is desired to bring out 


the temporal relationships of two or more variables, a graphic record, 
employing a co-ordinate system, must be used. The co-ordinates may be 
rectangular or polar. Rectangular co-ordinates are normally used in 
clinical work (e.g. in the familiar temperature chart): polar co-ordinates 
are often seen in industrial systems, and an example to be found in 
hospitals is the circular chart on which autoclave temperatures and pres- 
sures are recorded. 


It is possible—and indeed usual—for the values shown by an indicating 
instrument to be recorded manually at intervals on a rectangular chart; 
but it is often desirable, particularly in reseach work, for the recording to 
be continuous and automatic. In general, automatically recording 
instruments are so much more complicated and expensive than simple 
indicators that they are used only when the latter are manifestly inadequate, 
as in electro-encephalography. 


The anaesthetist may be interested in measurements of pressure, 
temperature, flow, frequency, volume and concentration. In the first 
group, the measurement of arterial pressure is important, because it can 
change rapidly and significantly. Ideally, it should therefore be the 
subject of continuous measurement. With the indirect method of 
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sphygmomanometry this is not feasible, and repeated indirect measure- 
ments have to be made. With conventional equipment this offers 
several inconveniences. If the presence of the pulse is detected by 
auscultation the anaesthetist’s ears are unavailable for the receipt of other 
signals, and his head is tethered by a tube which is often inconveniently 
short. Moreover, the auscultating diaphragm can often become displaced. 
If the pulse is detected by palpation, both the anaesthetist’s hands are 
occupied. Indeed the anaesthetist can attend to nothing else while he 
is measuring the blood pressure, and its frequent measurement may 
therefore bring more danger than advantage. 


Pulse detectors 


Automatic pulse detectors and blood pressure followers are now avail- 
able, and free the anaesthetist from this difficulty. 


The peripheral pulse may be detected by the changes in pressure it 
transmits to a carbon microphone or piezo-electric crystal, or by the 
changes in reflectance of the skin—as blood is pumped into it with each 
heartbeat—which alters the amount of light falling on a photocell. The 
presence of the pulse may be signalled by the flick of a needle, the lighting 
of a lamp, or the emission of an audible note, and it may be made to work 
a relay. Cuff inflation and deflation can be effected automatically by a 
solenoid valve, and the instrument may give an indication or a written 
record. Such instruments (Fig. |) are expensive and as yet rather rare; 
but possession of one enables the anaesthetist to take better overall care 
of his patient. 


There is no particular difficulty in counting the pulse rate, but this too 
demands concentration for a period which should not be less than a 
minute at atime. It is a fairly simple matter to put the output of a pulse 
detector into a rate-counting circuit, so that the pulse rate is continuously 
indicated or recorded. 


Simple pulse detectors, without rate meters or blood pressure followers, 
are quite cheap and easily made, and are becoming much more common. 
Those that have an auditory output—provided that it is not too obtrusive 
—are usually accepted and appreciated by the surgical team. 


The direct measurement of blood pressure, by intravascular cannulation 
and electromanometry, is a rather specialized art which will not be dealt 
with here. 


Temperature measurement 


It has become apparent in recent years that considerable temperature 
changes, and temperature gradients, occur in the body during anaesthesia, 
and the practice of hypothermia has of course added greatly to their 
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magnitude. The ordinary clinical thermometer is ill suited to measure 
these changes, and clectro-thermometry has to be used. Temperature 
changes can be converted into electrical changes either by making use of 
the fact that the electrical resistance of certain metals and semi-conductors 
is temperature-dependent, or by using the Seebeck effect: the development 


Fig. 1. An automatic electronic blood pressure follower. The occluding cuff 
and the pulse detector are incorporated in the finger unit. 


of an e.m.f. between the junctions of two pairs of dissimilar metals if these 
junctions are at different temperatures. In the first group are resistance 
thermometers and thermistors: in the second are thermocouples. Many 
instruments for measuring and recording changes in temperature in various 
parts of the body are now available. For further details the reader is 
referred to the article by Hill (1960) in this journal. 
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Flow rate 


Measurements of flow rate may be concerned with liquids or with gases. 
Flow meters applicable to the cardiovascular system are not yet encoun- 
tered in clinical practice, but the anaesthetist is of course closely concerned 
with the flow rate of gases. For steady flows the variable area meter 
(e.g. the rotameter) and the variable pressure difference meter (e.g. the 
water-depression flow meter) are simple and satisfactory, though there are 
several other principles which may be employed. For intermittent 
flows, as in respiration, the position is more complicated. 


The instantaneous velocity of gas flowing into or out of the airway is 
proportional to the pressure difference set up on either side of a barrier 
interposed in its path. Such a barrier may be a wire gauze screen. Since 
the resistance to breathing which it imposes must be negligible, the result- 
ing pressure difference is of the order of only a few millimetres of water. 
This pressure difference varies rapidly, and changes in sign, during each 
respiratory cycle. Its measurement therefore demands a manometer 
which is sensitive and capable of rapid response. Such manometers are 
expensive, and for this reason pneumotachometry is an experimental 
rather than a clinical method. Moreover, the anaesthetist is usually not 
much interested in the velocity changes during a single breath: he is more 
concerned with the mean flow rate over longer periods—the minute volume. 
This can be derived from the pneumotachograph by integration over a 
number of breaths. The volume of gas passed, during one phase of a 
respiration, is proportional to the area bounded by the pneumotachograph 


curve and the line representing zero flow rate (see Fig. 2). This becomes 
intuitively obvious in the hypothetical case where the pneumotachograph 
is a perfect square wave. If the area representing several breaths is 
measured and summed it will yield the volume of gas passed during the 
corresponding period. Manual integration is very tedious, but it can be 
done electronically (at the price of some complication and expense) and the 
output of the integrator can be expressed in terms of minute volume. 


Minute volume 


A mechanical method for doing the same thing (the “ Ventigrator ”) 
was devised by Maloney and Whittenberger in 1951. In this device, the 
resistance consists of a reduction in the lumen of the breathing tube, and 
integration is effected by heavy damping of the manometer. This instru- 
ment is now commercially available. 


Other methods of estimating minute volume rely simply on a volume 
meter and a clock. There are a number of volume meters available. 
Some—*“ wet gas meters ”—involve the passage of gas into a series of 
chambers under water. As each chamber is filled it is displaced upwards 
and its place is taken by another. The chambers are mounted on a spindle 
whose rotation is a measure of the volume of gas passing into the 
instrument. 
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In the “ dry gas meter ” (Fig. 3) (such as is used to measure domestic 
gas consumption) the gas is directed alternately into each of a pair of 
bellows whose filling and emptying operates a slide valve linked to a 
rotating shaft. A pointer attached to the shaft indicates gas volume. 
In a third type, vanes are caused to rotate by the gas stream, and the num- 
ber of rotations is proportional to the gas volume passed. An elegant 
example of this type is the Wright Respiratory Anemometer (Fig. 4), 
which is unique in that it will respond to flow in only one direction, though 
passing gas with equal facility in either direction. This enables it to be 
placed directly in the patient’s airway without the interposition of valves 
to secure unidirectional flow, which all the other volume meters require. 


However, the derivation of minute volume by a volume meter and a 
clock is far from satisfactory. It involves reading two instruments at 
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Fig. 2. A ee record obtained during quiet breathing. The upper 

trace indicates velocity of air flow. The area (hatched) bounded by the curve and 

the line of zero flow is proportional to the volume of gas passing through the instru- 

ment. The lower trace is obtained by simultaneous electrical integration of the upper 
one, and indicates volume directly in millilitres. 


intervals, and dividing the reading of one by that of the other. The result 
is the mean minute volume over the period of measurement. It gives no 
information about variations during that period, and if it is made short 
enough for this to be unimportant, the anaesthetist has no respite from 
measurement. What is needed is a device which will measure the volume 


dV 
passed over a very short period of time (S) divide the one by the other, 


and keep on doing it, indicating the result continuously. This, of course, 
is the continuous differentiation of the volume with respect to time, and 
the result, expressed in litres per minute, is the parameter we are interested 
in—the ventilation rate. Automatic differentiation can be affected either 
electrically or mechanically. A dry gas meter to which a simple mechanical 
differentiator has been added, so that it gives a continuous record of the 
minute volume of respiration, will soon be available. 
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Gas analysis 

During inhalation anaesthesia, the composition of the respired gas 
mixture is of vital importance. In non-rebreathing systems, it can be 
deduced fairly accurately from the setting of the flow meters and vapor- 
izers if the latter are thermo-compensated. When rebreathing occurs, 
however—as is the usual practice—such a deduction is no longer possible, 
and the need for measurement arises. Quantitative analysis of the com- 
plex gas mixture in these circumstances is not simple. A method is re- 
quired which will yield the information quickly and which can be repeated 
frequently: ideally, it should be continuous. This rules out most chemical 
methods, and in general the only methods which are sufficiently rapid and 
which can be made automatic are physical ones. 


Fig. 3. Dry gas meter. 

For oxygen, a convenient method is paramagnetic analysis, which takes 
advantage of the fact that oxygen, alone of the gases encountered in anaes- 
thesia or respiratory physiology, is positively paramagnetic. If a gas 
mixture containing oxygen is passed through an inhomogeneous magnetic 
field, the oxygen molecules will be diverted to that part of the field where 
the flux density is greatest, and they can then be detected by their effect on 
a test body suspended in the field (Fig. 5). 

Nitrogen can be estimated by the intensity, within a narrow waveband, 
of the coloured discharge set up when it is subjected to a high voltage at 
low pressure. Fluorescent lighting works on a similar principle. This 
method is rather cumbersome, but the anaesthetist is not often interested 
in the nitrogen content of the respired gas mixture. 
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Fig. 4. Wright Respiratory Anemometer. 


Magnetic Pole Pieces Quartz Fibre 


Fig. 5. Paramagnetic Oxygen Analyser. The spheres constituting the test body 

are filled with nitrogen and are suspended so that they tend to occupy that portion 

of the magnetic field in which the flux density is greatest. Oxygen molecules in 

the chamber compete for this position and exert a displacing force on the spheres. 

The turning moment thus imparted to the test body twists the suspending fibre and 
deflects the light beam. 
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All other gases likely to be present in the mixture have absorption spectra 
in the infra-red region of the electro-magnetic spectrum, and can therefore 
be estimated by infra-red gas analysis. This method is often used for the 
analysis of carbon dioxide. A beam of infra-red rays of appropriate 
wavelength passed through a sample containing this gas will lose some of 
its energy to the molecules of CO,. If it is then passed into one side of a 
cell containing pure carbon dioxide, it will have less energy to impart to it 
than will a corresponding beam which has not passed through the sample, 
and which is directed onto the other side of the cell. The two sides of the 
test cell are thus differentially heated. The difference, which corresponds 
to the partial pressure of carbon dioxide in the sample, is made to displace 
a diaphragm which forms one plate of a condenser. This condenser is in 
one arm of a capacitance bridge, which is thereby unbalanced, and the 
out-of-balance voltage is applied to an indicator or recorder (Fig. 6). 


Nitrous oxide, cyclopropane, ethylene and any of the volatile anaes- 
thetics may be estimated in this way, and the method is rapid, accurate, 
automatic and continuous. The apparatus is complicated and expensive, 
however, and a separate instrument is required for each component. 


A more versatile method is gas chromatography. Gas chromatography 
has nothing to do with colour, and its name is to that extent a misnomer. 
It is a method of separating the components of a complex gas mixture by 
virtue of the fact that they pass at different speeds through a column con- 
taining a suitable reagent. This reagent is often an organic solvent, held 


in the column or an inert support, such as powdered firebrick. This is 
known as the stationary phase. A stream of a non-reactive carrier gas, 
such as helium or argon, passes continuously through the column. A 
small sample of the gas mixture to be analysed, introduced into the stream, 
is carried through the column by it, and sample and carrier gas constitute 
the moving phase. Because the components all have an affinity for the 
stationary phase, while the carrier gas does not, they lag behind in the 
journey through the column. The speed of travel of each component 
varies inversely with its affinity for the stationary phase. As this affinity is 
different for each component, they emerge from the column singly, though 
they entered it together. Thus there emerges from the column a series of 
two component mixtures, of which one component is the carrier gas. A 
detector cell at the column exit is arranged to respond to some physical 
property, such as thermal conductivity, of the effluent gas stream, and this 
alters with the emergence of each component. The degree of alteration is 
proportional to the concentration of each component; and the identity 
of the component is deduced from the time of emergence, for the com- 
ponents always emerge in the same order. 


This method has the advantage that all components can be analysed on 
one instrument, and it is relatively simple and cheap. It cannot yield a 
continuous analysis, but recent advances have made it possible to complete 
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an analysis within two or three minutes, and samples can be automatically 
injected at short intervals, so that the anaesthetist can be provided with a 
complete analysis of the respired gas mixture which is never more than 
two or three minutes out of date. 

The method can also be applied to blood gas analysis, and provides a 
sensitive and convenient means of estimating the concentrations of anaes- 
thetics in blood and other tissues. 
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Fig. 6. The principle of the infra-red gas analyser. 


The application of gas chromatography to the fields of anaesthesia is 
recent and it is not yet widely known or practised, but its use will 
undoubtedly extend. 


Blood loss 


Since the anaesthetist is usually responsible for maintaining the patient’s 
blood volume during surgery, he has to estimate the rate at which it is 
being lost. Visual estimates are unreliable. A better method is swab 
weighing, but this, too, is subject to several errors, and of course can take 
into account only blood on swabs. 
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In the ““ haemoporrhometer ” all used swabs are put into a large volume 
of water, and the sucker effluent is ducted into it too. The electrolytes in 
the blood increase the electrical conductivity of the water, and by a suitable 
circuit a continuous and fairly reliable measure of the blood loss can be 
obtained. Saline must not be used, as the instrument cannot distinguish 
it from blood. 


A more direct way of correcting blood replacement would be by fre- 
quent estimates, during surgery, of the patient’s circulating blood volume. 
This has not, in the past, been practicable, but a safe technique employing 
radioactive tracers has recently been developed. 


In the past, anaesthetists had to rely on their unaided senses to assess 
the condition of their patients. This no longer suffices for the present 
requirements of surgery and anaesthesia. The anaesthetist should take 
advantage of the methods for more precise measurement which are avail- 
able now, and which will become increasingly available in the future. 
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GORDON-TAYLOR MEMORIAL LECTURE 


THe ROYAL COLLEGE OF SURGEONS OF ENGLANDand the Middlesex Hospital, 
with both of which bodies Sir Gordon Gordon-Taylor was so intimately 
associated, have decided to institute as a permanent memorial to one 
who did so much to promulgate the ideals of British surgery throughout 
the world a ““ Gordon-Taylor Memorial Lecture”. It is suggested that 
this lecture should be given annually, alternately in Great Britain and 
Australasia. The lecturer will be appointed on the nomination of the 
President of the Royal College of Surgeons of England, the President of 
the Royal College of Surgeons of Edinburgh, the President of the Royal 
Australasian College of Surgeons and the Senior Surgeon of the Middlesex 
Hospital. An honorarium will be given to the lecturer—the amount of 
this being dependent on the sum raised by the Appeal. It is hoped that 
this will be not less than £2,000, and that readers of the Annals will feel 
inclined to give this Appeal their most generous support. 


Subscriptions should be sent to the Secretary, Royal College of Surgeons 
of England, Lincoln’s Inn Fields, London, W.C.2, and it is intended to 
close the Appeal by June 1962. 
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THE STRUCTURE OF ARACHNOID GRANULATIONS WITH 
OBSERVATIONS ON THEIR PHYSIOLOGICAL AND 
PATHOLOGICAL SIGNIFICANCE. 


Arris and Gale Lecture delivered at the Royal College of Surgeons of England 
on 
15th December 1960 
by 
Leslie Turner, M.D., F.R.C.S. 
formerly Demonstrator in Anatomy, University of Manchester 


THE LECTURERS WHO first addressed the Company of Barbers and 
Surgeons at the bidding of the Arris and Gale Trusts were known respec- 
tively as “ Readers of the Muscular Lecture” and “ Readers of the 
Osteology Lecture”. We shall not depart wholly from tradition, 
therefore, in discussing the meninges, for Malpighi and Pacchioni regarded 
the dura mater as a muscle. 


In April 1705, Antonius Pacchioni published a dissertation on “ the 
Conglomerate Glands of the Dura Mater”, and he claimed to have 
discovered the little bodies that were later to bear his name. Two months 
later, he learned that Méry had described them in 1701, and on 30th 
June 1705 he wrote to Méry: 

** I declare to you that I read these observations with much pleasure, in seeing that 
we have met in the discovery of these little bodies. ... Messieur, | am annoyed not to 
have seen your observations before printing my thesis because I would have done 
justice and mentioned your name, although you have no need of my recognition to 
fulfil your own very great reputation.” 

Méry replied on 18th November 1705, minimizing his own part in the 
“discovery ”, and congratulating Pacchioni. 


In 1685, Vieussens had commented on some observations made by 
Willis about 20 years before, saying that he had been unable to detect 
the glandules that Willis described, and that they were probably artefacts. 
Although Pacchioni made no acknowledgment to Willis, he was well 
aware that Willis had described the glandules, for in a letter to Fantoni 
(1713), Pacchioni confessed that the glandules had been described ** by 
both older and more recent writers, especially Willis”, but Pacchioni 
claimed to have been the first to illustrate them. 


This claim also falls to the ground, for Vesalius described and illustrated 
them in 1543. Moreover, they were described in some detail, and 
independently, not only by Willis in 1664, but by Littre (1684)* and 
Samuel Collins (1685). In spite of this, Pacchioni’s claims were upheld 
by Luschka (1852) and Meyer (1860). 


* I am indebted to Miss Jessie Dobson for kindly providing this information. 
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It was not until the 19th century that careful studies were made of 
the minute structure of the meninges, and Arnold (1839) first clearly 
recognized that the leptomeninges were arranged differently in different 
situations. He distinguished in the neighbourhood of the spinal cord 
and medulla that the pial and arachnoid membranes were separated by a 
subarachnoid space as distinct from the “ intimate union ” of these mem- 
branes that he found over the cerebral and cerebellar hemispheres. 
His observations were vigorously confirmed by Tuke(1882), whoconsidered 
that there was no arachnoid membrane over the cerebral convolutions, but 
that two layers of pia mater were present, and were so intimately bound 
together that they formed a single compact membrane. He proposed that, 
as regards the arrangements over the cerebral hemispheres, the term 
“subarachnoid space” should be abandoned. Tuke’s revolutionary 
pronouncement was supported by Middlemass and Robertson (1895), 
who asserted that a single membrane, the pia-arachnoid, lies between the 
dura mater and the brain, consisting of bundles of fibrous tissue, arranged 
for the most part parallel to the surface of the cortex. In 1911, Harvey 
Cushing began an intensive inquiry into the origins of the meningiomas, 
and Lewis Weed, collaborating with him, later made observations that 
were to become the canons of anatomical and physiological thought on the 
leptomeninges and arachnoid granulations for many years. His physiolo- 
gical observations were deservedly acclaimed, for against the background 
of previous work they were brilliantly conceived. As Cushing (1922) 
conceded, however, the function of the leptomeninges was his chief 
concern, and it is unfortunate that his observations on their structure, 
based mainly on limited observations on the meninges of cats, have found 
their way into most authoritative texts, whilst the extensive and careful 
observations of the authorities previously ment‘oned, made on human 
material, have been long neglected. Weed’s coxclusions (1917) are 
epitomized in the familiar diagram (Fig. 1). He said that the pia and 
arachnoid are limiting structures for an intramembranous series of chan- 
nels, the subarachnoid spaces ; the outer wall being formed by the arachnoid 
membrane, the inner wall by the pia mater, and the space between the 
two being traversed by arachnoid trabeculae, lying principally at right 
angles to the surface of the brain. He said that the granulations are 
delicate, lace-like sleeves projecting into the dura and having a more 
“ solid ” structure than the pia and arachnoid from which they arise. In 
common with earlier authorities, he noted aggregations of “* mesothelial ” 
cells on the summits of the granulations, and with these cell caps I shall 
be much concerned. 


My observations were made on material from 95 human subjects (including 
an 80 mm. embryo and two full term foetuses), eight young Copenhagen 
white rabbits and nine young rhesus macaque monkeys. 
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Reproduced by courtesy of the Editors of Brain 


Pilgcse Fig. 1. (a) Diagram showing the net-like arrangement of the pia-arachnoid and 
ae the subarachnoid space traversed by trabeculae (Weed). (6) Coronal, (c) sagittal, 
and (d) horizontal sections of the parasagittal pia-arachnoid membrane showing 
its compact structure and the absence of a well-defined subarachnoid space. 
(< 108 in each case.) Author's preparations reproduced by courtesy of Messrs. 
J. & A. Churchill, Ltd. 
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Reproduced by courtesy of Messrs. J. & A. Churchill, Ltd. 
Fig. 2. (a) 80 mm. human embryo showing very cellular pia-arachnoid membrane 
and developing arachnoid villi (= 80). (6) Parasagittal pia-arachnoid membrane 


and arachnoid villus from 3-month-old human infant. Note endothelial cells in 
dura (x 400). 
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Fig. 2. (c) Young rhesus macaque monkey. Compare with (6) (x 200). 
(d) 7-year-old child. Fewer cells, more fibrous and elastic tissue (x 80). P= 
pia-arachnoid; G=granulation; D=dura. 
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The distribution of arachnoid granulations* was studied macroscopic- 
ally on material from 62 adult human subjects and six monkeys. They 
were readily seen in the neighbourhood of all the major intracranial 
venous sinuses in human material, but none was observed in monkeys 
(Turner, 1957). 


Microscopic observations were made on material from 33 human 
subjects, two monkeys and two rabbits. In each case, the relevant 
venous sinus and the related meninges and cortex were carefully dissected 
out, and the material was doubly embedded by Brain’s method (1949) 
to minimize distortion due to shrinkage. Most of the blocks were 
serially sectioned and random sections were taken from others; the sections 
varying in thickness between 6 and 15 », and being cut coronally, sagittally 
and horizontally in order to provide evidence of relationships in these 

-planes. Some twenty thousand sections were prepared, most being 
stained with haematoxylin and eosin, and a number with reticular and 
silver stains to show up particular features. 

The parasagittal pia-arachnoid membrane 

In the embryo and in young infants the parasagittal pia-arachnoid is a 
reticulum of fine fibres, densely studded with cell nuclei. Similar appear- 
ances are seen in the rhesus monkey. In older children there are fewer 
cells and more fibrous and elastic tissue, though cellular areas reminiscent 
of infant pia-arachnoid are often noted (Fig. 2). In adults the membrane 
is essentially a fibrous structure. Its outer surface consists of a thin, 
limiting membrane, the cells being elongated and the nuclei basophilic. 
Deep to this outer membrane, alike over gyri and sulci, are several layers 
of fibres arranged parallel to the surface of the brain disposed, asinchildren, 
in two directions at right angles to each other, coronally and sagittally. 
The fibres are a mixture of fibrous and elastic tissue and the deep surface of 
the membrane is intimately adherent to glial tissue on the cortical surface. 
There is no well defined subarachnoid space in this situation; an observa- 
tion that supports the claim of Tuke (1882) and of Middlemass and 
Robertson (1895) as regards the parasagittal areas and indicates that 
currently accepted ideas, based on Weed’s conclusions, are incorrect 
(Fig. 1). The discrepancies between Weed’s findings and those of the 
present study are largely accounted for by tissue shrinkage, for when three 
tissues of different consistency such as the dura mater, the pia-arachnoid 
and the cerebral cortex are sectioned, distortion is difficult to avoid since 
each component tends to shrink when subjected to the actions of histo- 
logical agents. Each time the material is handled, as it must be during 
dehydration, fixation and embedding, the heavy cerebral tissue separates 
from the tough dura, stretching the interposed pia-arachnoid. Apart 


* The criterion used here to distinguish between arachnoid villi and arachnoid 
granulations is their size; those that are of sufficient size to be visible to the naked eye 
being termed “ granulations ” and those that are not being termed “ villi”. 
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from this, embedding in paraffin produces more shrinkage than the 
double embedding technique used here. That handling readily produces 
distortion was easily demonstrated by applying gentle traction to fresh 
tissues, with the result that distortion occurred and appearances were 


Reproduced by courtesy of the Editor of Archives of Neurology and Psychiatry, Chicago (January, 1930). 


(b) 
Fig. 3. (a) Coronal section of the parasagittal pia-arachnoid membrane showing 
the effect of traction on fresh tissues. Compare with Weed’s diagram (Fig. 1 (a)). 
(x 40.) (+) Section illustrated by Hassin (1930). Ar=arachnoid, sub sub- 
arachnoid space. This is an artificial space in a plane of cleavage. Compare 
with Figs. 1 (6), 1 (c), and 1 (d). 
produced similar to those illustrated by Weed (Fig. 3). Moreover, 
the section illustrated by Hassin (1930) confirms the effect of shrinkage; 
the space labelled “* subarachnoid ” being an artificial space in the plane 
of cleavage between pia-arachnoid and cortex (Fig. 3). 
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The compact appearances found in the parasagittal region are not 
seen in the vicinity of the great intracranial cisterns, or in the spinal 
leptomeninges, for in these places a deep and well defined subarachnoid 


Fig. 4. (a) Coronal, (6) sagittal, and (c) horizontal sections of arachnoid granula- 
tions. (x 110, 106 and 350 respectively.) 
Reproduced by courtesy of Messrs. J. & A. Churchill, Ltd. 


space clearly exists. These different arrangements were recognized, 
not only by Arnold (1839), but by Rainey (1846), who wrote: “ The 
arachnoid is unlike other serous membranes in having, in different 
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situations, characters altogether dissimilar . . . in some (situations) being 
thin, soft, transparent and granular; in others, thick, strong, opaque and 
fibrous ”. As Cushing (1922) said in another context: 


“In Medicine perhaps more than in other walks, discoveries are constantly being 
remade and views being readvanced, for knowledge spreads slowly and facts once 
known and recorded are easily overlooked or forgotten.” 


The structure of arachnoid villi and granulations 

Sections through the rostral extremity of an 80 mm. human embryo* 
revealed numerous invaginations of the dura mater by arachnoid cells 
(Fig. 2). In serial sections these cells were seen to occupy a definite cave 
in the dura mater, always lying close either to a vascular channel or plexus. 
Undoubtedly they are developing arachnoid villi. Villi were also seen 
in material from human infants aged from three to fifteen months and in 
young macaque rhesus monkeys (Fig. 2 (6) and (c)). None was found in 
the full-term foetuses or rabbits. These villi are simple invaginations of 


Reproduced by courtesy of Messrs. J. & A. Churcnill, Lid. 
Fig. 4. (c) 
the dural walls of the lacunae laterales and the superior sagittal sinus by 
the very cellular pia-arachnoid tissue (Fig. 2). Arachnoid granulations 
were studied in human subjects between the ages of 7 and 82 years. 
In the younger age groups they are small, simply contrived, much more 
cellular, and much less numerous than in adults (Fig. 2d). They pass 
through stages of increasing maturity from the simple structures seen in 
infants to the more complex pictures seen in adults (Fig. 4). In all the 
age groups they consist of prolongations of pia-arachnoid tissue which 
invaginate the dural floor of a vascular channel, expanding after they have 
passed through the dura mater to form spherical, pear-shaped or, in old 
subjects, branched granulations. Like the pia-arachnoid they consist 
of a compact mixture of fibrous and elastic tissue in which are scattered 
basophilic cells often arranged in whorls. No spaces are seen except where 
shrinkage has produced them artificially. They are bounded by a limiting 
membrane continuous with that which covers the pia-arachnoid. The 


* These sections were kindly provided by Dr. G. T. Ashley. 
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invaginating granulation pushes the dura before it and this dural invest- 
ment passes over the convex, free surface of the granulation and is normally 
in contact with it. In sections where it appears to te separated, the interval 
results from shrinkage (Fig. 5), though it has been widely accepted as a 
normal interval, the “ subdural space”. As the dural fibres pass over 


the body of the granulation to form the dural investment, they become 
attenuated, and unlike the cells of the dura generally, which are predom- 
inantly spindle shaped and regarded as fibroblasts, the cells of the dural 
investment are seen to become round or oval, and indistinguishable from 
the endothelial cells in the limiting layer of the pia-arachnoid that covers 
the granulations. The summits of the granulations are surmounted by 
, a phenomenon noted as early as 1847 by Todd, 


” 


** endothelial cell caps 


Fig. 5. Arachnoid granulations invaginating the floor of a lateral lacuna. 

Shrinkage has produced an artificial “subdural space”. Note that the dura 

contains numerous endothelial cells identical with those in the pia-arachnoid. 
dura, “b”™ subdural space. 


and since confirmed repeatedly by many other observers. These cell 
caps, long regarded as an intrinsic part of the granulation derived solely 
from arachnoid elements, consist of aggregations of endothelial cells 
situated in many cases wholly amongst the fibres of the dural investment, 
and in other cases partly in these dural fibres and partly in the surface 
layer of pia-arachnoid that bounds the granulations (Fig. 6a). | Moreover, 
the fibres of the dural investment appear to change their character as they 
leave the dural collar that encircles the pedicle of the granulation, becom- 
ing finer and less densely staining, even allowing for the difference in 
their thickness. As Mallory (1920) said, the arachnoid tissue appears to 
have a stimulating effect on dural fibroblasts, causing them to produce 
more elastic tissue than they do under normal conditions. The outer 
membrane of the granulations therefore consists of the surface laver of 
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the pia-arachnoid fused to the fibres of the dural investment, so that the 
dura and arachnoid together contribute to the endothelial cell cap. 
Aggregations of endothelial cells are sometimes noted within the granula- 
tions, and serial sections show that these collections are continuous with 
the cells on the surface (Fig. 66). Groups of such cells are also seen 


Fig. 6. (a) Endothelial cell cap on the surface of an arachnoid granulation. 
The cells lie partly in the pia-arachnoid tissue of the granulation and partly in the 
fibres of the dural investment (x 100). (6) Endothelial cell groups within a granula- 
tion. They are continuous with cell groups on the surface ( x 25). 
Reproduced by courtesy of Messrs. J. & A. Churchill, Ltd, 
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apparently lying free within the lumen of the containing vessel, and here 
the plane of section has passed through a curved cell cap giving the false 
impression that the two ends of a single cell group are separated by an 
interval. 


In the dura, too, one finds endothelial cells in isolated groups and 
loosely scattered amongst the dural fibres. Such cells are often noted in 
the neighbourhood of dural blood vessels, both in their walls and scattered 
in the dura around them. 


It has often been claimed that the granulations contain blood vessels, 
notably by Kolesnikow (1940), who in adults, but not in children, traced 
them into granulations from vessels in the dura. A study of a large 
number of sections has shown that this finding is mistaken, though, 
in adult subjects, loops of dural fibres containing blood vessels invaginate 
the granulations rather like mesenteries (Fig. 7). This feature is not seen 
in children and perhaps explains the claim of Kolesnikow that the granu- 
lations of adults contain blood vessels. 


Suitably stained sections failed to reveal evidence of nerve fibres or 
end-organs within granulations, contrary to the claims of Kiss and 
Sattler (1956), but it may be that the aggregations of endothelial cells 
sometimes noted in their substance have been mistaken for end-organs. 


Calcareous nodules, the so-called psammoma bodies, are frequently 
seen in adult granulations; they have been noted in this study between the 


ages of 14 and 82 years (Fig. 8). 


The precise relationship of the surface layer of the granulations to the 
lumen of the containing vessel has often been debated, the point at issue 
usually being that the “ subdural space ” might separate the granulation 
from the blood by a interval. My findings are in agreement with those 
of Le Gros Clark (1920) and Warwick (1934), who each concluded that 
the surface of the granulation is intimately fused with the dural investment, 
and is thus in contact with the blood in the lumen of the vessel. The 
granulations are related to the vessel lumen in one of two ways: the blood 
is in contact either with a thin endothelial covering on their summits, 
or with a well-defined endothelial cell cap (Fig. 9). No subdural space 
intervenes in either case (Turner, 1958). 


The pathological significance of arachnoid granulations 


I am concerned with but one of the conditions attributed to the granula- 
tions and i will deal with this before discussing their functions, since much 
of my argument depends upon the structural features just described. 


Among the several morbid conditions that affect the fibrous coverings 
of the nervous system are the meningiomas, a term introduced in 1922 
by Cushing, who ably analysed the confusing forest of opinion that had 
grown up about these tumours (Cushing and Eisenhardt, 1938). As 
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Fig. 7 (a) A loop of dural fibres, containing a blood vessel, invaginating a 

granulation (x 25). (6) Higher magnification showing that the vessel is within 

the loop of dural fibres, not in the granulation. Note endothelial cells in the dura. 
(x 400.) 


Reproduced by courtesy of Messrs. J. & A. Churchill, Ltd, 
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early as 1831, Richard Bright, in his Reports of Medical Cases, described 
them as growths of the arachnoid, and, for 70 years thereafter, respectable 
authority was forthcoming to support either this opinion or the contrary 
view that they arise wholly from the dura. Cruveilhier’s term, “* cancers 
of the meninges ” (1835), concealed his firm belief that they were dural 
tumours, and “ dural sarcoma ” (Virchow, 1863), and * dural endotheli- 
oma ” (Golgi, 1869), implied controversy as to their pathological nature 
but complete agreement as to their tissue of origin. Rokitansky (1856) 
decided that they were cancers of the arachnoid, and it was he who first 
suggested that they arose not merely from the arachnoid but from the 
granulations. Cleland (1864), whilst demonstrating anatomy in Glasgow, 
found a small meningioma in each of two dissecting-room subjects. 
He noted that the cells of the tumours and those of arachnoid granulations 


Reproduced by courtesy of Messrs. J. & A. Churchill, Ltd. 


Fig. 8. Psammoma bodies within an arachnoid granulation (x 400). 


were similar in type and arrangement and that psammoma bodies were 
present in both, and he agreed with Rokitansky that the granulations 
probably gave rise to them. That this belief is now widely accepted is, 
however, due to Schmidt (1902), who made extensive studies of both the 
tumours and the granulations and concluded that the * so-called dural 
sarcomas ” are of arachnoidal origin. He said that the endothelial cell 
caps and the isolated collections of endothelial cells present in the dura, 
remote from the granulations, both resulted from invasion of the dura 
by the granulations, and he asserted that the tumours arise from these 
endothelial cells for three reasons: that meningiomas commonly occur at 
sites where granulations are found, that he could prove in many cases a 
direct continuity between the cells of the tumour and those of the endo- 
thelial cell caps, and that histologically the cells were identical in each. 
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Cushing’s interest in their tissue of origin was aroused when, in 1911, 
he found a meningioma at autopsy in a patient whose tumour had re- 
mained undisturbed after a bone flap was turned to relieve raised intra- 
cranial pressure. The tumour had occluded half of the superior sagittal 
sinus a little in front of the Rolandic point, and sections at this site showed 
a number of “ hypertrophied arachnoid villi” projecting into the sinus 
from the unaffected side, and surmounted by endothelial cell caps whose 
cells were identical with those of the tumour. Unaware for the moment 
of the work of Rokitansky, Cleland and Schmidt, he considered that the 
growth must have arisen from the arachnoid even though it was firmly 
attached by its small stalk to the dura mater as well as to the bone, both 
of which were invaded by it. 


But these endothelial cells are not characteristic of arachnoid tissue. 
I have seen them widely in the dura, not only in the investments of the 
granulations and in whorls amongst dural fibres, but scattered at random 
in the dura generally and particularly in the neighbourhood of dural 
blood vessels. They are most numerous in the dura of infants (Fig. 2), 
but they are present in normal subjects of all ages. In disease, too, 
dural endothelial cells are conspicuous. A section prepared by Dr. 
H. B. Marsden (Pathologist, Royal Manchester Children’s Hospital) 
from the meninges of a child of 15 months who died from pyogenic 
meningitis (Fig. 10) shows many endothelial cells in the dura remote from 
the arachnoid. They appear to have been mobilized from the dura and 
are acting as vaso-formative cells. They are similar to the isolated phago- 
cytic cells in the same area. 


Precisely similar cells are therefore found alike in dura and arachnoid, 
the dura containing a preponderance of spindle cells and a smaller number 
of endothelial cells, and the arachnoid containing mainly endothelial 
cells and a proportion of spindle cells. 


The claim of Schmidt (1902) that invasion by arachnoid granulations 
results in the neighbouring dura containing groups of endothelial cells 
can hardly account for the presence of such cells in dural fibres generally, 
and it would be absurd to suggest such an origin for the cells near dural 
bloodvessels remote from granulations. Moreover, if the presence of 
endothelial cells in the dura were solely due to arachnoid invasions, 
the dura of infants, having few arachnoid villi, should contain the least 
number of endothelial cells, instead of the most, as is actually 
the case. On the other hand, if one discounts the unproved claim 
of Harvey and Burr (1926), that the pia-arachnoid develops from neural 
crest cells, and accepts the view of Sterzi (1902) and others, that the 
meninges develop from a common primitive mesenchyme, the undoubted 
presence of similar cells in dura and pia-arachnoid is readily explained, 
as is the relatively large ratio of endothelial to spindle cells in the dura 
of infants; their tissues being less differentiated than those of adults. 
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Fig. 9. Showing the relationships of the granulations to the blood. (a) The 
substance of the granulation is separated from the lumen by a thin endothelial 
layer (x 100). (6) An endothelial cell cap on the surface of a granulation in 
contact with blood (= 100). (c) Higher magnification of (6) (= 400). 
Reproduced by courtesy of Messrs. J. & A. Churchill, Ltd. 
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These findings cast doubt, therefore, on the assertion that all meningiomas 
have an arachnoidal origin, for it would be idle to deny to dural endothelial 
cells the tumour-producing properties hitherto ascribed to similar cells 
in the arachnoid. 


The wide range of histological variation in the meningiomas is also 
against the view that they arise wholly from arachnoid elements. Most 
of the tumours are predominantly cellular, containing either endothelial 
cells, spindle cells, or a mixture of the two. Almost as commonly they 


By courtesy of Dr. H. B. Marsden. 
Fig. 10. Endothelial cells in the dura of a 15-month-old infant (see text) ( < 350). 


consist of dense areas of collagen with few cells. Some contain bone, 
quite apart from their tendency to invade the skull, some contain cartilage, 
some contain fat, and some are so vascular that they have been likened to 
angiomas. Any theory that seeks to explain their tissue of origin must 
account for these diverse forms. Globus (1937) has rejected an arach- 
noidal origin on the grounds that the co-existence of all these tissues in 
them is readily explained by the fact that “* the undifferentiated meningeal 
primordium (mesenchyme) that gives rise to the periosteum of the skull, 
the dura mater, and the pia-arachnoid, contains all the ingredients essential 
to elaborate these components ”’, but that their production by arachnoid 
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cells alone is unlikely. Certainly, collagen production is a normal 
activity of dural cells, and islands of bone are occasionally seen 
in otherwise normal dura. Indeed, in some mammals, the falx 
and tentorium are normally ossified, though ossification in the pia- 
arachnoid must be a rare phenomenon for it was not observed in the 
thousands of sections examined in this investigation. Bailey and Bucy 
(1931) remarked: ** The presence of bone in meningeal tumours has often 
been reported by Cleland, Cushing and Weed, Weisner, Berner and others. 
It cannot be used as an argument for the origin of meningeal tumours 
from either membrane since it occurs in both in the absence of tumours . . . 
yet it is difficult to deny to the dura mater the possibility of forming 
tumours. In our case the tumour was attached to the dura mater by a 
broad base, but peeled away from the arachnoid without opening the 
subarachnoid space. Anyone without a preconceived idea of its origin 
would have said that the tumour arose from the dura mater.” Fat 
also is a normal component of the dura (Cooper, 1958) and occasionally 
of meningiomas, but it is not found in the pia-arachnoid. Nor is the 
finding of psammoma bodies in the pia-arachnoid and the tumours 
significant, for I have seen these calcareous nodules alike in dura, arachnoid 
and cerebral cortex (Turner, 1957). 


There is therefore no justification for the view that all meningiomas 
arise from arachnoid cells. Since they are certainly mesenchymal 
tumours, it may be, as Globus (1937) argued, that they all arise from the 
primitive mesenchymal cells from which the meninges develop, some 
differentiating towards a pia-arachnoid orientation and some towards a 
dural arrangement. 


The physiological significance of arachnoid granulations 


The question as to whether the arachnoid granulations serve a physio- 
logical purpose and, if so, what that purpose is, has often been debated. 
About two hundred years ago Haller (1762) observed: 

“There was a further theory of that Venerated Old Man (Pacchioni) that they 
returned their humour into the falciform sinus, but since so many other veins are without 
glandules of this type, and since the glandules are frequently situated in positions 
remote from that sinus, for these reasons I would believe that the function of these little 
bodies needs further consideration.” 


That generations of observers would probe the secret of these puzzling 
structures, some by simple conjecture, some by crudely devised experi- 
ments, and others, later, by carefully planned techniques using every 
modern resource; that after all this the functions of the “ glandules ” 
would remain inscrutable, Haller could not know. 


Cruveilhier (1845), Luschka (1852) and Scarff (1949) wondered whether 
they might act as supports for the brain, but it is unlikely that the tiny 
villi of infants could support even so small a thing as an infant brain. 
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The structure of the granulations strongly suggests that they might be 
permeable to physiological solutions, and when such structures bring 
two body fluids, such as the cerebrospinal fluid and the blood, into 
close anatomical relationship, it is natural to wonder whether their 
function is to mediate exchanges between one fluid and the other. Indeed, 
so close is this relationship that if it were shown that the granulations do 
not effect such exchanges, it would be difficult to see how they prevent 
them, unless their cells are completely impermeable to all the constituents 
of the fluids. 


Let us begin by assuming that the cerebrospinal fluid circulates in the 
classical manner, from the lateral ventricles through the third and fourth 
ventricles to the subarachnoid pathways, which conduct it ultimately 
above the tentorium, where most of it is absorbed, for there is little doubt 
that this is so. It has been said that no one believes in this circulation 
until something happens to obstruct it, whereupon it is obvious that the 
circulation that was active a moment before has now stopped and symp- 
toms arise depending on the site of the block. This sequence of events, 
well known to clinicians, is no less true because a great deal of experi- 
mental evidence appears to deny it. Though the first experimental 
approach to the mode of absorption of the fluid was probably made by 
Key and Retzius (1875), the great stimulus to all subsequent work was 
provided by Lewis Weed, who, in 1914, published an account of the 
first of his series of observations. He introduced isotonic solutions of 
iron ammonium citrate and potassium ferrocyanide into the spinal 
subarachnoid spaces of anaesthetized dogs and cats, varying the time 
taken to complete the injections from one to several hours in different 
animals, after which the animals were killed. He then perfused the bodies, 
via the carotid vessels, with a solution of formalin containing a small 
quantity of hydrochloric acid, so that the formalin fixed the brain and 
meninges, and the acid precipitated Prussian blue granules from the 
salts previously introduced. He recorded the peripheral venous and 
arterial pressures from a brachial vein and the common carotid artery, 
and the cerebrospinal fluid pressure by a manometer in the spinal sub- 
arachnoid space. He found the granules, after short period injections, 
in the basilar cisterns and the cavernous sinus, and, after longer injections, 
in the arachnoid villi and the lumen of the superior sagittal sinus. These 
ingenious and original experiments formed the pattern of most later work 
and the inference that the fluid is absorbed by the arachnoid granulations 
in man is still widely believed, not for lack of criticismof Weed’s techniques, 
but perhaps because his conclusions were not in conflict with clinical 
experience. Since Weed published his series of papers, a vast number of 
experiments have been performed, some to test Weed’s conclusions by 
the use of similar techniques, and others to elucidate the behaviour of 
particular parts of the subarachnoid pathway by studying the appearance 
within it and the disappearance from it of injected substances. The 
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conclusions from this array of experimental procedures have been almost 
as varied as the experiments have been numerous, and therefore I can 
deal only with examples. 

Attempts to determine the site of absorption of the fluid by injecting 
particulate matter (carbon particles, Indian ink, etc.), either into the plasma 
or into the subarachnoid spaces, have not been profitable, because of 
its removal by phagocytes at various levels in the spaces. Essick (1920) 
showed that, when such particles are injected, the endothelial cells in the 
pia-arachnoid ingest the particles and bud off from their attachments, 
and they tend to carry the injected materials to the local lymph nodes. 
Similarly, solutions of dyes such as Trypan blue are removed by phagocytes 
and the results of experiments relying on their use are valueless (Davson, 
1956). 

In recent years, it has been realized that it may be misleading to assume 
that the whole fluid is produced in a given place and absorbed in another, 
for the ventricles and subarachnoid spaces constitute a fluid compartment 
comparable with the intracellular, the plasma, and the interstitial compart- 
ments of body fluids, and the different compositions of the fluid from the 
ventricles, the cisterna magna and the lumbar sac suggests that constit- 
uents are added to and removed from the fluid at different parts of the 
subarachnoid and ventricular spaces. The advent of isotopes provided a 
means of tracing the movements of naturally occurring ions in cerebro- 
spinal fluid and experiments were reported that appeared to prove 
unexpected routes of absorption. Thus in experiments reported by 
Sweet and his co-workers (Sweet et a/., 1948, 1951, 1953, 1954), radio- 
sodium and deuterium-labelled water were given intravenously. Serial 
samples of cerebrospinal fluid from a lateral ventricle, the cisterna magna 
and the lumbar sac, and serial blood samples, were collected and assayed. 
The results suggested that rapid formation and absorption of the fluid 
occurred along the entire neuraxis. These results were critically surveyed 
by Selverstone (1958), who showed that the interpretation of such experi- 
ments could be misleading, in that proof of ionic exchange is merely a 
measure of membrane permeability, and proves nothing relating to the 
formation or absorption of the substances in question. As Selverstone 
remarked, quoting Francis Moore (1948): 


“If one were to make a gastric pouch and place therein a quantity of radioactive 
chloride, sodium, or even deuterium, the isotope would be seen to disappear from the 
pouch. It would appear as if the ion in question were being absorbed from the pouch. 
It was placed there and now it is there no longer—surely the cells are actively absorbing 
the substance in question. Such is not necessarily the case. Even if the gastric mucosa 
were actively secreting HC! at the moment, the 38C1 would still diminish in total amount, 
concentration and specific activity.” 

In other words, when an isotope placed on one side of a membrane 
can be recovered from the other side, there is no guarantee from this 
evidence alone that an unlabelled, similar ion has not passed in the reverse 
direction (“* exchange ”) and hence the conclusion that active absorption 


or formation has occurred is unwarranted. 
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Courtice and Simmonds (1951) investigated the removal of protein 
from the subarachnoid space of cats and rabbits. Homologous heparin- 
ized serum labelled with Evans’s blue was injected, using strict pressure 
control, into the cisterna magna of anaesthetized animals. The concen- 
tration of the dye-protein was estimated in cerebrospinal fluid, circulating 
blood plasma and cervical and thoracic duct lymph, at intervals up to 
24hours. Inanimals that were allowed to recover consciousness and walk 
about, the greater part of the dye-protein entered the blood by a route 
other than the lymphatics; some traversed the meninges over the cribri- 
form plate to enter the nasal lymphatics, but only a very small quantity 
escaped directly from the spinal, as distinct from the cranial, subarachnoid 
space to the blood. Similar results were obtained when the dye-protein 
was introduced into the lumbar sac to give a high concentration there. 
Simmonds (1952) showed that red blood cells introduced into the sub- 
arachnoid space enter the blood mainly by a route not involving lympha- 
tics. The pathway of entry of protein and red cells from the cerebro- 
spinal fluid to the blood was believed by these workers to be the arachnoid 
villi. Sweet and Locksley (1953) also suggested that protein is absorbed 
principally by the arachnoid villi. Howarth and Cooper (1955) introduced 
radioactive colloidal palladium and radioactive colloidal silver salts 
by lumbar or cisternal puncture into the subarachnoid space of anaesthe- 
tized cats. In most cases, cerebrospinal fluid was allowed to escape, 
the colloids were introduced, sometimes with barbotage, and the mode of 
their disappearance was investigated. The position of the animal, the 
speed and pressure of injection, and certain other factors were varied in 
different experiments. With the animal head up, the colloids usually 
remained localized to the spinal subarachnoid space and passed 
thence to the blood; in the head down position and with a 
slightly higher injection pressure, the colloids could be made to enter the 
intra-cranial subarachnoid space. Higher blood levels were obtained 
after high than after low pressure injections, and the blood levels were 
also higher when the colloid entered the intra-cranial subarachnoid space 
than when it was mainly confined to the spinal area. The authors con- 
cluded that colloid passed directly from the subarachnoid space into 
blood vessels and that local absorption (from the spinal arachnoid) 
certainly occurred. This led to a second series of experiments in which 
they repeated Weed’s technique with prussian blue salts (Howarth and 
Cooper, 1955). The blue granules were occasionally detected over the 
convexity of the hemispheres, in the “ meshwork of cells in the sub- 
arachnoid space’, within arachnoid villi, in contact with the walls of 
blood vessels in the subarachnoid space, and encircling intrathecal nerve 
roots. Lines of granules were found between the endothelial cells of 
thin-walled blood vessels within the spinal cord. In animals that were 
allowed to recover from ether anaesthesia and move about, “* the impres- 
sion was gained that the prussian blue mixture more certainly attained the 
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cerebral reaches of the subarachnoid space’. The authors said that the 
prussian blue mixture can pass directly into blood vessels within the 
subarachnoid space, and that, in their opinion, there was no indisputable 
evidence for the absorption of cerebrospinal fluid by the arachnoid 
villi. 


Johnson (1958) has pointed out that the radiological demonstration 
of ventricular and subarachnoid “ blocks’, and their subsequent relief 
by surgery, has been understandable only on the assumption that there 
was a movement of cerebrospinal fluid from the choroid plexuses of the 
lateral ventricles to the surfaces of the cerebral hemispheres, and experi- 
mental results that appear to contradict the concepts underlying these 
clinical observations must be assessed with care. The normal circulation 
of cerebrospinal fluid in the intact animal is profoundly influenced, 
and may be largely mediated, by the pressure waves imparted to the fluid 
by arterial pulsations and by the variations in venous pressure due to 
rhythmical respiratory movements. Changes in posture may also be 
important. These factors are all modified by general anaesthesia which 
renders the animal quite still and obstructs respiration to some extent 
unless specific steps are taken to keep the airway clear. A minor degree 
of respiratory obstruction operating for a few hours will produce a tight 
brain and elevate the fluid pressure, no doubt altering the dynamics of 
flow, and this factor has been insufficiently appreciated. Its significance 
is emphasized by the finding of Courtice and Simmonds (1951) and 
Howarth and Cooper (1955) that injected substances pass above the 
tentorium more certainly if the animals are allowed to recover conscious- 
ness and walk about. Brierley and Field (1948) noted exactly this 
effect when they investigated the connections of the spinal subarachnoid 
space with the lymphatic system. Yoffey and Courtice too (1956) have 
emphasized the complications that anaesthesia introduces into most 
animal experiments of this type, amongst them being changes in capillary 
permeability and changes in the tone of blood vessels. This last effect, 
familiar to surgeons, must exert considerable influence on exchanges of 
injected substances. Another source of confusion arises when fluid is 
removed and solutions replaced. Flexner (1933) found that the total 
volume of the fluid in an average sized cat is 4.5 millilitres and, even if 
this estimate is low, the removal and replacement of a fifth or a sixth 
of the total volume and the subsequent leakage through the needle hole 
must produce compensatory changes in the dynamics of the fluid. Changes 
in the position of an anaesthetized animal, operative procedures such as 
laminectomy, isolation of a part of the subarachnoid space, and the use of 
barbotage to ensure mixing of the test substance must all cloud the issue. 
Such considerations may explain the discrepancies in the results of 
similar techniques in different hands and the discrepancies between 
experimental findings and clinical observations. 
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Welch and Friedman (1960)* suggested that the arachnoid villi contain 
valves in the form of tubes of pia-arachnoid tissue, the tubes being patent 
when the subarachnoid pressure exceeds that of the venous blood in the 
sinus, and closed when these pressures are reversed. This would explain, 
they said, how cerebrospinal fluid passes from within the villus to the blood 
and how reflux of blood from the sinus to the interior of the villus is 
prevented. A possible fallacy in their interpretation may have arisen 
because, although some of the blocks were initially frozen in vivo, they were 
all subsequently embedded in paraffin wax, a method known to give 
consistently poor results, as | have shown, and the appearances they 
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Fig. 11. Blood elements and proteinous exudate in an arachnoid granulation 
and the related lateral lacuna. (a) « 100. (6) =~ 400. Paraffin sections. Note 
the distortion of the tissues. 


illustrated confirm the presence of shrinkage, giving the false impression 
that tubes of pia-arachnoid are cut in transverse section. It is unnecessary 
to postulate the presence of “ valved ” tubes of pia-arachnoid to explain 
why blood elements do not reflux into the villi, for this property may 
reside in the function of the endothelial cells on their surfaces, which, 
like the cells of the normal capillary, are permeable to water, crystalloids 
and colloids, but not to cells; or it may be that the compact pia-arachnoid 
tissue of the villi behaves as a sponge, allowing the passage of fiuid when 
distended but not when collapsed. 


* This work was not referred to in the lecture. 
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Commenting on the capricious results of some experimental studies on 
the cerebrospinal fluid, Johnson (1958) observed that “ the clues to many 
of these problems could be discovered within the clinical material at our 
disposal if we could recognize them”, and perhaps it would not be amiss 
to underline some observed facts and reflect on their possible significance. 


In the brains of patients who died after subarachnoid bleeding, I found 
large quantities of effused blood in the pia-arachnoid over the convexities. 
Microscopically, blood elements, together with highly proteinous exudate, 
were found in the parasagittal pia-arachnoid, within the granulations, 
and in the lumen of the sinus and lacunae laterales. In each case, the 
bleeding originated in vessels at the base of the brain, and there is no 
doubt that these blood elements and exudate had passed over the con- 
vexities and were being returned to the blood, in part at least, via the 
granulations, though some may have passed directly into vessels without 
the intervention of these structures (Fig. 11). This observation may 
explain the well known clinical fact that subarachnoid bleeding always 
results in a degree of hydrocephalus, presumably due to obstruction at 
the absorptive area by blood elements and proteinous exudate. 


Johnson (1958) gave two examples from many observed cases, of 
patients whose hydrocephalus, due to adhesive obstruction of the ambient 
cistern, was quickly relieved by surgical by-pass of the block, and this too 
proves the existence of a flow of cerebrospinal fluid from below to above 
the tentorium. Such a circulation can be explained by assuming that the 
ventricles and subarachnoid pathways form a compartment closed at 
the lower end and provided with a means of escape for the fluid above the 
tentorium. If the granulations are this means of escape, and if one of 
their functions is to absorb protein, one would expect a high concen- 
tration of protein near the sinus. Merritt and Fremont-Smith (1937) 
stated that the protein concentration in this region had never been 
satisfactorily measured, and my attempts to recover fluid from 
there at operation, uncontaminated with blood, were unsuccessful. 
Todd (1847) and Rokitansky (1850) observed, however, that the para- 
sagittal pia-arachnoid of adults is always opaque, and I have confirmed 
this in 91 specimens (Turner, 1957). It is probably duc to a high protein 
content in the fluid in this compact tissue where, as Davson (1956) asserted, 
the currents are sluggish. My observation that the parasagittal pia- 
arachnoid of infants and children is always less opaque than that of adults 
appeared to conflict with this view. Lups and Haan (1954), however, 
quoted Biemond’s claim that the average protein concentration of the 
lumbar fluid in normal subjects increases with age; 10-20 mgm. per cent. 
being the range in children, 20-30 mgm. per cent. up to fifty years, and up 
to 40 mgm. per cent. over the age of fifty. I have examined some hundreds 
of laboratory reports and found that fluids that could be accepted as normal 
are infrequent, but the results confirm Biemond’s claim that the average 
protein concentration in normal children is lower than that of adults, 
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the figure being low particularly in the first five years of life (Fig. 12). 
This observation would explain their having a less opaque pia-arachnoid 
near the sinus even though their villi served to absorb protein. 


It has been argued that, because the arachnoid villi are few in number 
and small in infants, they cannot be responsible for absorption, but many 
tissues and organs of infants perform imperfectly the functions they are 
to be wholly responsible for in later years. Temperature regulation, 
vision, and muscular co-ordination are functions, amongst others, that 
are imperfect in them, and the blood-brain barrier is apparently immature 
since bilirubin gains ready access to nervous tissue when the serum level 


PROTEIN CONCENTRATION (mg/ 100 mi) 


5 10 15 20 
AGE (years) 


Fig. 12. Protein concentration in the lumbar fluid of 354 normal infants and 
children (see text). Most of the patients under five years of age have a protein 
concentration between 10 and 22 mgm. per cent. 


of this substance is raised, though this phenomenon does not occur in 
adults. It is possible, therefore, that infant villi are more permeable than 
the mature granulations of adults, and their immature blood-brain 
barrier may provide alternative routes of absorption until the granulations 
are fully developed. Like the cerebrospinal fluid, the serum of infants 
contains less albumen than that of adults, though the serum albumen 
reaches adult levels by about the age of 18 months (Conybeare, 1960). 
This is interesting because, at about that time, the cerebrospinal fluid 
protein is increasing and the villi are becoming larger and more numerous, 
approaching the mature form, and perhaps the mature function, of adult 
granulations. 
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These several observations suggest that the function of the arachnoid 
invaginations of the dural walls of the sinuses appearing about the twelfth 
week of intra-uterine life, and gradually developing over the years into 
mature granulations which bring the cerebrospinal fluid into intimate 
relationship with the blood in the lateral lacunae and sinuses, towards 
which the currents of fluid are directed, is to return the protein and perhaps 


other constituents to the blood. As a final example of the difficulty of 


interpreting animal experiments let me quote Walter Dandy. In 1929 
he separated the cerebral hemispheres of four young animals from all 
their attachments to the longitudinal, transverse, and circular sinuses. 
The animals were killed four, five, and six months later, and no increase 
in size had occurred in the subarachnoid spaces or the ventricles, nor 
were the brains oedematous. These results, said Dandy, prove that it is 
impossible that the cerebrospinal fluid passes directly into the large 
venous spaces through a medium of any type. He left the attachments 
to the petrosal and spheno-parietal sinuses, however; the animals used 
were only a few months old so that the alternative routes of absorption 
that I have postulated in infants were probably significant; and his conclu- 
sion that the fluid is absorbed by the whole pia-arachnoid cannot be 
accepted against the well-established clinical evidence to the contrary. 


It seems probable, therefore, that Willis (1664), armed only with the 
simple resources of his time, was right in his conjecture: 

“Wherefore it seems reasonable to believe that while the purer and spirituous 
portion of the blood, separated from the rest of its substance, trickles into the cerebrum, 
the serous fluids are taken up by the glandules that abound there, and are retained by 


these same glandules for a time until they can be returned into the veins that are becom- 
ing empty again.” 
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APPOINTMENT OF FELLOWS AND MEMBERS 
TO CONSULTANT POSTS 


J. D. B. ANDREWS, .R.c.s. Physician to Geriatric Service, South West 
Middlesex Group. 

ELLEN R. S. ARMITAGE, F.F.a.R.c.s. Consultant Anaesthetist, King Edward 
Memorial, South Middlesex and St. 
Mary’s Cottage Hospitals. 

S. S. BARKER, F.F.A.R.C.S. Part-time Consultant Anaesthetist, Guildford 
Group of Hospitals. 

S. R. CHANDRASEKHAR, F.r.c.s. Associate Professor of Otolaryngology, 
Karnatic Medical College. 


P. W. D. CORFIELD, F.r.c.s. General ae Harefield and Wembley 
Hospitals. 

D. G. L. DAVIES, F.r.c.s. Part-time Consultant General Surgeon, 
East Glamorgan Hospital and Llwynypia 
Hospital. 

M. J. FLOOD, F.R.c.s. Assistant Surgeon, Hornsby and District 


Hospital, Sydney, Australia. 


DONATIONS 
DuRING THE LAST few weeks the following generous donations have been 
received : 

Appeal Fund—Contributions: 


£300 T. Lucas & Co., Ltd. 
£11 Ils. Od. T. Keith Lyle, whe C.B.E., F.R.C.S. (further gift) 
£3 4s. Od. Girls of the Stock Issue Section—General Electric Co., Ltd. 
(further gift) 
10s. Od. H. C. Beaumont, Esq. (further gift) 


ANATOMICAL MUSEUM 


THE SPECIAL DISPLAY for the month of October consists of three hitherto 
unrecorded letters of John Hunter. 
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PASSAGES FROM THE NOTEBOOK OF 
SIR FREDERICK TREVES, Bt. 


II. The Case of Sir Henry Irving 


I WAS SITTING one morning in my little consulting room seeing patients, 
as I had sat during many hundreds of uneventful days. I say “ little” 
consulting room because it was acknowledged to be the smallest in London. 
It was not much more than a cupboard with a fireplace and a window in it. 
The window, close to the front door, looked upon the street. 


I was making some notes upon the case I had just dismissed when 
suddenly a hansom cab drew up at the door. It drew up as abruptly as if 
it had been stopped by a wall. The horse seemed to slide the last few 
yards on its four iron hoofs. In a moment something appeared to be 
flung against the front door. I assumed it to be a human being. The 
electric bell started to ring. An ordinary bell, pulled by a handle, can 
express emotions, such as haste, violence, anger or extreme diffidence. An 
electric bell can merely ring and can only express persistence. My nurse 
was in the hall so the door was opened immediately. 1 could hear explo- 
sive jets of speech, followed by the appearance in my room of a panting, 
glaring lady who seemed to have been propelled into the room as a missile. 
I recognized her as the wife of an eminent laryngologist and could see that 
she was as hurriedly dressed as if she had rushed from a burning house. 
She panted, ‘Come at once. Matter lifeandeath. Irving”. Although 
I had a room full of waiting patients, I did come at once, snatched my hat 
from the nurse and followed the lady as she leapt in the cab like a harlequin 
through a window. 


The horse started, under a fierce crack of the whip, at such a semblance 
of a gallop as a cab horse is capable of displaying. It might have been the 
start for some Olympian race. On the way to the laryngologist’s house— 
it was no great distance—the lady made such utterances as her condition 
and the kangaroo-like movements of the cab would permit. Her speech 
came from her like gushes of water from a hand pump. “ Henry Irving— 
fearful thing—my husband—spray—throat—nozzle in lung.” I could 
not ascertain in whose lung the nozzle was nor why it was there, nor to 
what the nozzle pertained. Before I could make any satisfying enquiry 
the cab stopped, as if brought against another dead wall, and both the lady 
and I were nearly thrown onto the back of the alarming beast. The 
final words, “* nozzle in lung ’’, were squeezed out of her chest as it collided 
with the dashboard. 


Having freed my hat from the reins and having noticed that the cabman 
was looking through the trap door with some anxiety, I sprang from the 
cab after the lady. My jump seemed to carry me, by one and the same 
movement, up some stone steps, through an open door into a hall and 
against the body of an ashen manservant. 
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The servant pushed me, hat and all, through another door into a large 
room. Nota word was uttered. The door shut behind me like atrapand, 
obeying an instinct of politeness, I took off my hat. The room was a 
consulting room. If mine was the smallest in London this was, | think, 
the largest. 

There were two persons in the room—men. I recognized them as 
Sir Henry Irving and the laryngologist. They were pacing up and down 
the room, as if they were taking a walk or engaging in some physical drill. 
They were not talking; but the laryngologist was grasping the actor by the 
elbow as if he expected him to fall. They so entirely ignored my existence 
that I might have been invisible. A further instinct of politeness induced 
me to join them in their silent walk. This I did, hat in hand, and we three, 
in a row, made a formal march up and down the room, as if it were the 
deck of a ship. 

To introduce myself I asked what was the matter. Irving looked at me 
with surprised commiseration and groaned. We continued to walk in 
correct order and, during our progress from one end of the room to the 
other, the laryngologist proceeded to speak in jerks. He was far from 
collected and as breathless as if he had been running instead of walking. 
He said—as we three stalked to and fro—that Sir Henry was about to pro- 
duce a new play, “ Peter the Great ” (here the actor groaned). He was 
anxious about h’s throat: the throat was relaxed (another groan): the 
speaker was spraying the throat when suddenly the metal end of the 
apparatus became detached and vanished into the body of the patient. 
Here the actor groaned for the third time and, in a sepulchral voice that 
might have come from a cavern, said, “* In the lung ”’. 

I succeeded in detaching the specialist from his patient and took him 
aside to learn particulars of the event; whereupon the actor continued his 
walk. The nozzle, I found, belonged to a throat spray, was of hard metal, 
was about two inches in length and curved at the end like a hook. It had 
been inhaled, when detached in the act of spraying, and was probably in 
the right bronchus. There had been no cough, no pain and indeed no 
symptom but that of alarm. Now an operation to remove a large foreign 
body from the bronchus of an elderly man who is not in good health is a 
procedure of some gravity and attended with varied difficulties. I was 
uneasy at the prospect and still more as to the result. 

I now joined Irving in his walk and tried to comfort him as we paced 
the room together. It was no easy task as there was little that was com- 
forting to say. Irving replied to me in dramatic measures and in so hollow 
a tone that he might have been drawing his voice from the spot deep down 
in the lung where the foreign body lay. I counselled patience. I said that 
I had recently taken a cherry stone from a child’s bronchus with success. 
Irving turned upon me and, in a voice of tragic irony, exclaimed, “ A 
cherry stone!” as if the foreign substance in his bronchus had been at 
least a cobble stone. 
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I stopped the walking. I reduced the conversation from broken frag- 
ments of speech and dramatic outbursts to commonplace and fairly 
coherent talk. The outcome was this. Irving must go at once to have an 
X-ray plate taken of the chest. I would be at hand all day, would keep the 
laryngologist informed of my hourly movements and would have all 
things ready. “ All things?’ muttered the actor, in a stage aside, “** All 
things? ” as if he would like to have added, “* including a coffin ”’. 


I passed an uneasy day haunted by the thought of that hooked piece of 
metal in the lung. I called regularly at my house, but there was no sign of 
any catastrophe, no slim telegram on the hall table, no scribbled note on a 
crumpled paper, no emotion-shaken messenger. I hurried once to the 
house of the laryngologist, but he, shrunken with panic, had heard nothing 
and knew nothing. His mind was merely an abyss of fear, full of horrible 
surmises and of lurid despair. 


I returned to my house for the last time at 6.30 p.m. The maid said that 
Sir Henry Irving had called twice. This was somehow disquieting. | 
asked, with anxiety, how he looked. She—ignorant of the tragedy— 
said, with languid indifference, ** Oh, he looked all right ”. “* Had he said 
anything?” I asked. ‘* No, only that he would call again at 7 o’clock.” 
| enquired, with earnestness, ‘‘ Did he cough?” She replied that he did 
not cough and showed as much surprise as if I had asked her, ** Did he put 
out his tongue or squint?” 


I waited in my room in some suspense. At seven, to the minute, the 
door bell rang and at once in walked Irving, solemn and stern, as if 
entering the stage for the closing scene of a tragedy. I grasped him by 
the arm and enquired how he was. He made no answer; but began to 
stalk to and fro in my tiny room. Two long strides brought him from the 
door to the window and two long strides took him back again. He had 
news, but it was not to be communicated by ordinary talk. The moment 
was dramatic: the revelation was to be dramatic. He was on the stage. 
He must act as he would on the stage. My nervous enquiry, “ How are 
you?” remained unanswered. It was not a form of speech in accord with 
the climax of a great drama. 


He took one more stride to the centre of the room and stopped. He 
was before the footlights; the limelight was upon him. Then he opened 
his mouth and spoke. He spoke in his stage voice, slow, unnatural, 
resonant and deep. He thus declaimed. “I went, as you said, to the 
photographer. I was shown into an empty dismal room. Oh, how 
dismal! I was alone. I sat down at a table covered with rumpled 
magazines. I waited. As I sat a horrible pain seized me in the chest.” 
Here he smote himself on the breast bone, raised his eyes to the ceiling 
and positively shrieked, as if the pain still gripped him. ‘ The pain 
stabbed me like a knife. What should | do? I sprang to my feet. 
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I coughed a hideous cough, a heart-racking cough and there it was !”" 
As he said these words—in tones worthy of Lady Macbeth—he coughed 
and, at the same moment, threw upon the floor the very nozzle which he 
had all the time kept concealed in his hand. 

It was superb acting. It was a drama made out of nothing more soul- 
inspiring than a cough, while on the carpet lay the horrible thing. An 
ordinary man would have said, on entering the room, “ It is all right. I 
have coughed it up. Look at it!’ But Irving could not end the drama 
like this. The occasion was too precious. The actor before the man. 

** All’s well that ends well,” I said; “ 1 am more glad than I can tell you, 
for I have had an afternoon of intense anxiety.” ‘* And so have I,” he 
replied, “* Measure for measure.” 

He was a very lovable man and the kindness of his parting speech to 
me, as he left the house, will never be forgotten. 

After his death his son sent me the nozzle as a memento. It remains 
one of the most interesting relics I possess. 


SIMS COMMONWEALTH TRAVELLING PROFESSOR 


Tue Epitor GREATLY regrets an error of page 192 of the September issue 
of the Annals. The gentleman with Professor Hedley Atkins is Mr. Alan 
Sharp, F.R.C.S., F.R.A.C.S., and not Mr. B. K. Rank as previously 
printed. We wish to extend our apologies to these gentlemen. 


THE BLAND SUTTON LECTURER 


The Bland Sutton Lecturer, Dr. F. Stansfield, with the President, leaving the 
Edward Lumley Hall after the lecture. 
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THIRD PROVINCIAL MEETING OF THE FELLOWS AND 
MEMBERS OF THE COLLEGE 


Sheffield: 24th-25th November 1961 


Friday, 24th November 


Visit, by kind invitation of Messrs. Hadfields Ltd., to their steel- 
works at East Hecla Works, Tinsley, Sheffield 9. Admission 
by ticket only. 


2.30 p.m. 


Cocktail party, by kind invitation of the Sheffield Regional 


6.30—7.30 p.m. 
Hospital Board, at the Cutlers’ Hall. 


Dinner of Fellows and Members (and their male medical or non- 
medical guests) at the Cutlers’ Hall. Evening dress and decora- 
tions. Tickets, price £2 12s. 6d., inclusive of wines. 


7.30 p.m. 


Saturday, 25th November 


Morning At the New Teaching Hospital. 
9.30 a.m. Coaches leave Royal Victoria and Grand Hotels. 


Scientific exhibition and films. 


10.00 a.m. 


12.30 p.m. Fork Luncheon, kindly given by the Board of Governors of the 
United Sheffield Hospitals in the Refectory of the University. 


At the Firth Hall of the University of Sheffield. 


Afternoon 


2.15 p.m. Annual Meeting of Fellows and Members. 

Admission to the Honorary Fellowship of Sir Howard Florey, 

President of the Royal Society; 

followed by 

The Arthur Hall Lecture, under the auspices of the Arthur Hall 
Trustees, by Sir Howard Florey—* Electron microscopy and 
surgery ". Admission by ticket. 


Tea, given by the Board of Governors of the United Sheffield 
Hospitals. 


Notes 


1. Fellows and Members are requested to apply as soon as possible to the Secretary 
of the College for tickets for those events which are limited to ticket-holders. The 
applications for the Dinner will be dealt with in strict rotation, as numbers are limited. 
Male medical and non-medical guests may be invited. 


2. Hotel Accommodation: Fellows and Members requiring hotel accommodation 
are expected to make their own arrangements, and are advised to do this as soon as 
possible, mentioning that they are attending the Annual Meeting. Among the main 
hotels in Sheffield are The Royal Victoria Hotel and The Grand Hotel. In the event of 
any difficulty in obtaining accommodation at the above hotels, please communicate with 


Mr. D. H. Randall, F.R.C.S., 79 Upper Hanover Street, Sheffield 3. 
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FORTHCOMING LECTURES AND DEMONSTRATIONS 


FOR 1961-62 


Tuesday, 24th October, at 5 p.m. 
** Tumours of the kidney.” 
Wednesday, 25th October, at 5 p.m. 
“ Casts of the bronchial tree.” 


Thursday, 26th October, at 5 p.m. 
“ Vicary amongst his contemporaries.” 


Thursday, 9th November, at 5 p.m. 

“ The spleen and its removal.” 
Tuesday, 21st November, at 5 p.m. 

* Histopathology of the prostate.” 
Saturday, 25th November, at 3 p.m. 

“ Electron microscopy and surgery.” 


Erasmus Wilson Demonstration 

by Dr. A. J. M. Reese. 

Arnott Demonstration 

by Dr. D. H. Tompsett. 

Thomas Vicary Lecture 

by Sir Clement Price Thomas, 
K.C.V.O. 

Bradshaw Lecture 

by Professor Digby Chamberlain. 

Erasmus Wilson Demonstration 

by Dr. R. C. B. Pugh. 

Arthur Hall Lecture 

by Sir Howard Florey, P.R.S. 


(Note: This lecture will be given in Sheffield at the time of the Annual General 
Meeting of Fellows and Members) 


Thursday, 30th November, at 5.30 p.m. 
* The newer development in carcino- 
chemotherapy.” 
Thursday, 7th December, at 5 p.m. 
““ Spina bifida and the urinary tract.” 
Monday, 11th December, at 5 p.m. 


Wednesday, 13th December, at 5 p.m. 


Thursday, 14th December, at 5 p.m. 

“ The basic surgery of major injuries of the 

motorways.” 
Thursday, 4th January, at 5 p.m. 

** Study of the regenerative capacity of the 
epithelial lining of the urinary bladder 
together with evidence concerning the 
function of the mucosa in the reflex 
action of micturition.” 


Tuesday, 9th January, at 4.15 p.m. 
Thursday, 11th January, at 5 p.m. 
Wednesday, 17th January, at 5 p.m. 
Wednesday, 24th January, at 5 p.m. 


Tuesday, 30th January, at 5 p.m. 
“ The biophysical and biochemical basis of 
intervertebral disc herniation and 
degeneration.” 


Thursday, Ist February, at 5.30 p.m. 


Thursday, 8th February, at 5 p.m. 

* Vesico-ureteric reflux: its anatomical 
mechanism, causation, effects and 
treatment in the child.” 
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Otolaryngology Lecture 
by Professor F. Bergel, F.R.S. 


Hunterian Lecture 

by Professor J. B. M. Roberts. 

Edridge Green Lecture 

by Sir Wilfrid le Gros Clark, 
F.R.S. 

Erasmus Wilson Demonstration 

by Dr. I. Friedmann. 


Robert Jones Lecture 
by Mr. W. Gissane. 


Arris and Gale Lecture 
by Mr. D. Annis. 


Arnott Demonstration 
by Professor G. W. Causey. 


Watson-Jones Lecture 

by Mr. F. W. Holdsworth. 
Erasmus Wilson Demonstration 
by Dr. J. Kohn. 

Arnott Demonstration 

by Mr. C. Q. Henriques. 


Arris and Gale Lecture 
by Mr. A. Naylor. 


Otolaryngology Lecture 

by Mr. G. H. Bateman. 
Hunterian Lecture 

by Professor J. H. Johnston. 
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Thursday, 15th February, at 4.15 p.m. 


Monday, 19th February, at 5 p.m. 


Tuesday, 20th February, at 5 p.m. 


Tuesday, 20th February, at 5 p.m. 


Thursday, 22nd February, at 5 p.m. 
** 200 cases of hydrocephalus treated by in- 
sertion of the holter valve.” 


Tuesday, 27th February, at 5 p.m. 
“The embryology of the arteries of the 
brain.” 


Thursday, Ist March, at 5.30 p.m. 
** Tumours of the jaw.” 


Thursday, 8th March, at 5 p.m. 
Hypersensitivity granulomata and the 
alimentary tract.” 


Tuesday, 13th March, at 5 p.m. 


Tuesday, 20th March, at 5 p.m. 
** Dynamic aspects of portal hypertension.” 


Wednesday, 21st March, at 4 p.m. 


Thursday, 22nd March, at 5 p.m. 


Thursday, 29th March, at 5 p.m. 
* Atresia of the oesophagus.” 


Tuesday, 3rd April, at 5 p.m. 
** Arterial grafting for gangrene.” 


Thursday, 12th April, at 5 p.m. 

** Surgery of jaundice in the newborn, with 
special reference to congenital biliary 
atresia.” 

Tuesday, 17th April, at 5 p.m. 
* Reconstruction of the face in leprosy.” 


Thursday, 19th April, at 5 p.m. 
** Relationship of osteomata of the external 
auditory meatus to swimming.” 


Wednesday, 25th April, at 5 p.m. 


Thursday, 3rd May, at 5.30 p.m. 


Thursday, 10th May, at 5 p.m. 
** Nerve sheath tumours and von Reckling- 
hausen’s disease of the nervous system 
—a clinical study.” 


Thursday, 14th June, at 5 p.m. 


** Surgical rehabilitation of the rheumatoid 
hand.” 
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FORTHCOMING LECTURES AND DEMONSTRATIONS 


Arnott Demonstration 
by Professor G. V. R. Born. 


Ophthalmology Lecture 
by Professor A. Sorsby. 


Ophthalmology Lecture 
by Professor A. Sorsby. 


Erasmus Wilson Demonstration 
by Dr. L. Bitensky. 


Hunterian Lecture 
by Professor G. H. Macnab. 


Arris and Gale Lecture 
by Mr. D. B. Moffat. 


Otolaryngology Lecture 
by Mr. A. H. Hunt. 


Hunterian Lecture 
by Professor G. Slaney. 


Erasmus Wilson Demonstration 
by Dr. J. L. Emery. 


Hunterian Lecture 
by Professor C. Shaldon. 


Joseph Clover Lecture 

by Dr. G. S. W. Organe. 
Erasmus Wilson Demonstration 
by Dr. L. W. Proger. 


Hunterian Lecture 
by Professor D. J. Waterston. 


Hunterian Lecture 
by Professor G. W. Taylor. 


Hunterian Lecture 
by Professor A. Gourevitch. 


Hunterian Lecture 
by Professor N. H. Antia. 


Hunterian Lecture. 
by Professor D. F. N. Harrison. 


Arnott Demonstration 
by Dr. K. Bryn Thomas. 


Otolaryngology Lecture 
by Dr. I. Friedmann. 


Hunterian Lecture 
by Professor G. E. Heard. 


Hunterian Lecture 
by Professor A. E. Flatt. 
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FORTHCOMING LECTURES AND DEMONSTRATIONS 


Wednesday, 27th June, at 5 p.m. Arnott Demonstration 


by Miss J. Dobson. 


Wednesday, 11th July, at 3.30 p.m. Bernhard Baron Lecture 
by Professor D. Slome. 


Friday, 20th July. Charles Tomes Lecture. 


The date on which the Arris and Gale Lecture on “ Spinal tuberculosis in Nigeria 
is to be given by Mr. P. G. Konstam has not yet been decided. 


COLLEGE PUBLICATIONS 


READERS ARE REMINDED that the following publications issued or sponsored 
by the College may be obtained from the Editorial Secretary, Royal 
College of Surgeons of England, Lincoln’s Inn Fields, London, W.C.2. 


A Catalogue of the Portraits and other Paintings, Drawings and Sculpture in the College. 
By William Le Fanu, Librarian. 184 pages with 4 coloured and 52 black and white 
plates. £1 10s. Od. (postage Is. 9d.). 


The History of the College. By Sir Zachary Cope, F.R.C.S. 376 pages, fully 
illustrated. £3 3s. Od. (plus 2s. postage). 


Lives of the Fellows, 1930-1951. By the late Sir D'Arcy Power, K.B.E., F.R.C.S., 
Honorary Librarian, and continued by W. R. Le Fanu, M.A., Librarian. A single 
volume, bound in blue cloth, of 889 pages, containing the Lives of all Fellows known 
to have died between 1930 and 1951. £2 2s. Od. post free. 


A Record of the Years from 1901 to 1950. Edited by Sir Ernest Finch, M.D., M.S., 
F.R.C.S. Aslim volume, illustrated, containing a brief history of the College between 
the centenary and the 150th anniversary of the foundation with lives of all the 
Presidents since 1900, written by special contributors from their personal knowledge. 
In red cloth 9s. post free or red paper covers 5s. 6d. post free. 


A Guide to the Hunterian Museum (Physiological Series). This gives a brief account 
of the physiological section of John Hunter’s museum, the scope, design and historical 
value of which is unique. 48 pp. Is. 


A Descriptive and Historical Catalogue of the Darwin Memorial at Down House. 
Charles Darwin and his family lived at Down House, near Orpington, Kent, for 
forty-two years and it was here that most of his scientific investigations were made, 
including his work on the Origin of Species, published in 1859. 33 pp. Is. 


The Portraiture of William Harvey. The Thomas Vicary Lecture for 1948 by Sir 
Geoffrey Keynes, M.A., M.D., F.R.C.S. With a descriptive catalogue and 33 repro- 
ductions of the portraits. £1 5s. Od. 


*William Clift. By Jessie Dobson, B.A., M.Sc., Anatomy Curator. A _ biography, 
fully illustrated, of the first Conservator of the Museum at the College. Published by 
William Heinemann Medical Books Ltd. Bound in blue cloth; 144 pages with 
frontispiece portrait and 31 plates. 8s. 6d. post free. 


The present position of cardiac surgery. The Bradshaw Lecture for 1957 by Sir Russell 
Brock, M.S., F.R.C.S. Blue cloth binding, 6s. Od. post free. 


* A separate cheque for this publication would be appreciated. 
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THE COLLEGE TIE 


THE DESIGN 1s a College crest (an eagle proper holding a mace of gold) 
repeated on a maroon background. The tie is made in pure silk or silk 
and rayon, and also available are squares in the same design and tubular 
scarves. These may be worn by the following: Fellows and Members of 
the College; Fellows and Licentiates in Dental Surgery; Fellows of the 
Faculty of Anaesthetists; Holders of the special diplomas granted by the 
' Royal Colleges through the Conjoint Board; postgraduate students 
' attending educational courses at the College. The tie can be obtained 
from Messrs. T. M. Lewin & Sons Ltd., 1-3, Jermyn Street, St. James’s, 
London, S.W.1. 


BINDING OF THE ANNALS 


BINDING CASES ARE not provided for completed volumes of the ANNALS 
but the Editor can recommend the firm of Lovett, Bookbinders, 2, 
Clerkenwell Green, London, E.C.1 (Telephone: Clerkenwell 6810), who 
will undertake the binding in buckram or leather to individual require- 
ments at reasonable prices. 


DIARY FOR OCTOBER 


Final L.D.S. Examination (Part II) begins. 

5.15 Mr. H. G. HaAniey—Surgical Lecture—The treatment of 
genito-urinary tuberculosis. 

6.30 Mr. D. M. WALKer—Surgical Lecture—Bladder tumours. 


Mon. 23 Dental Lectures and Clinical Conferences begin. D. Path. 
Examination and D.M.R.T. Examination (Part II) begin. 
Tues. 24 500 Dr.A.J.M.Reese—Erasmus Wilson Demonstration—Tumours 
of the kidney. 
5.00 Mr. T. Warp, C.B.E.—Dental Lecture—The healing of fractures 
and problems of delayed union. 
6.15 Mr. N. L. Rowe—Dental Lecture—Odontogenic and develop- 
mental cysts of the jaws. 
Wed. 25 Primary F.R.C.S. Examination begins. 
5.00 Dr. D. H. Tompsetr—Arnott Demonstration—Casts of the 
bronchial tree. 
Thurs. 26 Thomas Vicary Commemoration. 
5.00 Sir CLEMENT Price THOoMAS—Thomas Vicary Lecture—Vicary 
amongst his contemporaries. 
5.00 Dr. M. J. F. McArpLte—Dental Lecture—Facial pain. 
6.15 Proressor H. C. Kittey—Dental Lecture—Dental haemorrhage 
and the clinical aspects of the haemorrhagic diseases. 
Mon. 30 Final Fellowship Examination (General Surgery) and D.T.M. & H. 
Examination begin. 
Tues. 31 5.00  Proressor R. V. BRADLAw, C.B.E.—Dental Lecture—Diseases 
of the oral mucosa—lI. 
6.15 Mr. E. S. Lee—Dental Lecture—Malignant tumours of the jaws, 
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DIARY FOR NOVEMBER 


Proressor R. V. BRADLAW, C.B.E.—Dental Lecture—Diseases 
of the oral mucosa—II. 

Mr. J. N. W. McCacie—Dental Lecture—Soft tissue infections 
of the face and neck. 


D.A. Examination and D.P.M. Examination (Part I) begin. 
Mr. B. E. D. Cooke—Dental Lecture—Fibro-osseous swellings 
of the jaws—I. 


Proressor W. E. Hersert—Dental Lecture—Traumatic injuries 
of the teeth. 


Ordinary Council. 

Proressor DiGBy CHAMBERLAIN—Bradshaw Lecture—The spleen 
and its removal. 

Mr. B. E. D. Cooxe—Dental Lecture—Fibro-osseous swellings 
of the jaws—II. 

Mr. J. Watson—Dental Lecture—Head injuries. 


D.P.M. Examination (Part IT) begins. 

Mr. W. R. Burston—Dental Lecture—Cleft palate. 

Mr. I. Muir—Dental Lecture—Shock, resuscitation and the 
general management of facial injuries. 


Proressor B. ConeN—Dental Lecture—Histopathology of 
periodontal disease. ‘ 
Mr. W. J. TuLttey—Dental Lecture—Orthodontic principles. 


Board of Faculty of Dental Surgery. 


First L.D.S. Examination begins. 

Dr. R. C. B. PuGH—Erasmus Wilson Demonstration—Histo- 
pathology of the prostate. 

Proressor L. P. GARROD—Dental Lecture—Antibiotic therapy. 

Dr. S. BLACKMAN—Dental Lecture—Radiology of the jaws—I. 


Proressor R. B. Lucas—Dental Lecture—Clinical pathology. 
Dr. S. BLACKMAN—Dental Lecture—Radiology of the jaws—II. 


Annual Meeting of Fellows and Members—Sheffield. 
Sir Howarp orey, P.R.S.—The Arthur Hall Lecture— 
Electron microscopy and surgery. 


D.L.O. Examination (Part I) begins. 


Second L.D.S. Examination begins. ; 
Professor A. I. DarLInG—Dental Lecture—Dental caries—I. 
Proressor A. I. DARLING—Dental Lecture—Dental caries—II. 


Proressor G. L. Howe—Dental Lecture—Oral surgery in 
relation to prosthetic problems. 

Proressor F. BerGcet, F.R.S.—Otolaryngology Lecture—The 
newer[developments’ in carcino-chemotherapy. 

Mr. B. W. FicktiInGc—Dental Lecture—The maxillary antrum 
in relation to dental surgery. 
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Pe oO Ti fa] + The face of modern medicine is 
constantly changing as new concepts, 
new methods, new developments of 
ha o We every kind, are reported from the 
clinical and research centres of the 
world. To keep abreast with the tide 
READI Bey of progress you need time—time to 
G ? read and to read widely—time that 
can ill be spared. 


Let ABSTRACTS OF WORLD MEDICINE 


solve your problem .. . 


This journal covers the whole field of clinical medicine and allied medical 
sciences in each issue and presents to you each month concise, informative, 
readable abstracts of the best of the original papers published throughout 
the world—selected from over 1,500 medical journals. Six issues (one 
volume) contain about 1,600 abstracts, all efficiently indexed. An indis- 
pensable guide to what is happening world-wide in all branches of medicine. 


The abstracts are grouped in sections which include: 


The Allergy _ Nutrition and Metabolism 
Anaesthetics Paediatrics 
Cardiovascular Diseases Pathology 
Chemotherapy Pharmacology and Therapeutics 
Clinical Haematology Physical Medicine 
Dermatology Psychiatry 
Endocrinology Public Health 
Forensic Medicine Radiology 
Gastroenterology Respiratory Diseases 
Industrial Medicine Rheumatic Diseases 
Infectious Diseases Tropical Diseases 
Medical Genetics Tuberculosis 
Microbiology and Parasitology Urogenital Diseases 
Neurology and Neurosurgery Venereal Diseases 


ABSTRACTS OF WORLD MEDICINE saves your time... 


Send your subscription now, or ask for further details: 


\Publishing Manager, 
B.M.A. House, Tavistock Square, London, W.C.| 


Annual Subscription (12 issues) £4 4s. 
U.S.A. and Canada $13.50. 
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A completely new and authoritative work 
Surgery of the 


Anus, Rectum and Colon 
J. C. GOLIGHER, ch.M., F.R.C.S. 


Professor J. C. Goligher holds the chair of Surgery at the University of Leeds, and 
is Surgeon, General Infirmary at Leeds : formerly Surgeon, St. Mary's Hospital 
and St. Mark's Hospital for Diseases of the Rectum and Colon, London. 

This book, written especially for Surgeons in training and for young 
Consultants, comprehensively surveys contemporary knowledge of 
diseases of the rectum and colon, and at the same time provides a 
clear and detailed practical guide to the surgical management of 
these conditions. A special feature is the two chapters on develop- 
mental abnormalities of the anus and rectum and on Hirschsprung’s 
Disease and related abnormalities by Mr. Harold Nixon, F.R.C.S., 
of the Hospital for Sick Children, Great Ormond Street, London. 


896 pp. Crown 4to, 5 colour plates, 276 half-tone Illus. £8 8s. ne?. 


CASSELL MEDICAL BOOKS 


NOTABLE BOOKS FOR SURGEONS 


TUMOURS OF THE OESOPHAGUS TEXTBOOK OF GENITO-URINARY SURGERY 


Edited by NORMAN C. TANNER and Professor Second Edition. Edited by H. P. WINSBURY- 

D. W. SMITHERS. WHITE assisted by J. D. FERGUSSON. 

364 pages. 219 illustrations. 63s. ee 1004 pages. 697 illustrations. £6 10s. 

Vol. 4 of * Neoplastic Disease at Various Sites”. some aspECTS OF OBLITERATIVE VASCULAR 
M MATI DISEASE OF THE LOWER LIMB 

GREER WALK | and Professor D. M. 

214 pages. 213 illustrations. 37s. 6d. 144 pages. 
TECHNIQUES OF THORACOTOMY RECURRENT DISLOCATION OF THE 

B. T. LE ROUX. SHOULDER 
102 pages. 139 illustrations. 55s. By H. F. MOSELEY. 176 pages. 128 figures 


including 35 stereoscopic films in colour and a 


TREATMENT OF CANCER IN CLINICAL stereoscopic viewer. £6. 


PRACTICE 
By P. = and Professor A.J. HARD- THE Bae TREATMENT OF COMMON 
ING RAINS. FRACTURES 
840 on. 513 illustrations. £5. Third Edition. By JOHN CHARNLEY. 
THROMBOSIS AND ANTICOAGULANT 
THERA SURGERY IS DESTINED TO THE PRACTICE 
Proceedings of a Symposium held in Dundee, OF MEDICINE 
1960. The Hunterian Oration, 1959. 
Edited by W. WALKER. By SIR REGINALD WATSON-JONES. 
106 pages. 86 illustrations. 17s. 61. 8! pages. 8! illustrations. 


A CATALOGUE OF THE PORTRAITS AND OTHER PAINTINGS, 
DRAWINGS AND SCULPTURE IN THE ROYAL COLLEGE OF 
SURGEONS OF ENGLAND 


By W. R. LE FANU, M.A. 184 pages. 145 illustrations. 30s. 


E. & S. LIVINGSTONE LTD., TEvVIOT PLACE, EDINBURGH 
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When you are consulted about bequests for Medical work which 
deserves support, please remember the part played by the Imperial 
Cancer Research Fund. It receives no official grant and is entirely 
supported by voluntary donation and bequest. Pioneer in the field of 
cancer research, this organisation was founded by the Royal Colleges 
pee of Physicians and Surgeons to undertake this vital work in its own 
laboratories. Please help us when you can! 


IMPERIAL 
CANCER RESEARCH FUND 


PATRON : HER MAJESTY THE QUEEN 


Write for further information to A. Dickson-Wright Esq., M.S., F.R.C.S. 
C.R.F. 94, Imperial Cancer Research Fund, 49 Lincoin’s Inn Fields, London, W.C.2 
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Halve the 


Atall Kilovoltages, ILFORD Fast Tungstate 
intensifying screens can be rated at twice the 
speed of ILFORD Standard screens, yet any 
loss of definition entailed by their use is 
practically negligible. 

This enables the radiologist to implement 
the strong recommendations of the Adrian 
report, in that dosage to the patient can be 
halved without sacrifice of diagnostic quality 
in the resultant radiographs, while radiation 
hazards tothe operatorare similarity reduced. 
Another important advantage offered by the 
new screens is the possibility of obtaining 


exposure 


improved definition by minimising the effect 
of subject movement through the use of 
shorter exposure times. 

ILFORD Fast Tungstate screens will also 
be found of particular benefit in conjunction 
with mobile units of limited output, such as 
are used in wards and operating theatres. 
Fast Tungstate screens cost no more than 
Standard screens, while their flexibility, 
durability and other physical characteristics 
conform ‘othe same high standards of quality 
as these and other intensifying screens in 
the ILFORD range. 


FAST TUNGSTATE— 
a new screen for general radiography 


ILFORD LIMITED 


ILFORD ESSEX 
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London 
Medical 

Exhibition 
1961 


NOVEMBER 13th—17th 
NEW HORTICULTURAL HALL 
WESTMINSTER 


Sir Arthur Porritt, K.C.M.G., K.C.V.O., M.Ch., F.R.C.S., has 
kindly consented to officiate at the opening ceremony, which will take 
place at 2.30 p.m. Monday, 13th November. * 


Films of professional interest will, as usual, be shown each day in 
the Film Theatre. 


Official personal invitations will be posted to members of the pro- 
fession and if not received by November 3rd, please apply to: 


* Please note The Secretary, 
doors open 2 p.m. 


London Medical Exhibition, 
194/200, Bishopsgate, 
London, E.C.2. 
Telephone: AVEnue 1444/6 
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First steps with a new artificial leg must be testing for everyone concerned. But Please write for complete 
the real test comes later when the comfort and efficiency of the leg have under- details of models de- 
gone the searching trial of everyday use. That is why VESSA attach so much signed for Above-knee, 
importance to the fitting of artificial legs, for, however well constructed, a leg is Below-knee, Through- 
virtually useless if it cannot be worn continuously without discomfort. The hip, Syme’s operation, 
ds of who, under the guidance of their surgeons, have made and for growing child- 
their first steps towards rehabilitation by ordering a VESSA leg are a tribute to ren. 
our pre-eminence in this field. VESSA have also been A comprehensive refit 
responsible for many prosthetic design developments, and repair service is 
in particular the metal suction socket, which available and very speedy 
eliminates the need for the conventional pelvic band attention is given to this 
and swivel joint attachment. work. 


VESSA LTD. Works: PAPER MILL LANE, ALTON, HANTS. 

Tel.: Alton 2294 

Registered Office: Henley Park, Guildford, Surrey 

London Fitting Rooms: QUEEN MARY'S HOSPITAL, ROEHAMPTON 
A member of the VOKES Group 


Sir Zachary Cope’s 


SoME Famous GENERAL PRACTITIONERS 
& Other Medical Historical Essays 


In the first essay Sir Zachary traces the lives of several famous general 
practitioners starting in 1749 with Edward Jenner and culminating with 
the death in 1925 of Sir James McKenzie. Following these pen- 
portraits are a selection of essays on a variety of medicai historical 
subjects that, besides being highly informative, are very readable. Sir 
Zachary Cope is, of course, well known for his knowledge of medical 
history and for the excellence of his writing. This is a most engaging 
book for the medical and the general reader. 


54° x 8)" 276 pages 47 illustrations 40s. net. 


PITMAN MEDICAL PUBLISHING CO. LTD., 
39, PARKER STREET — LONDON, W.C.2. 
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CLOSED CIRCUIT TELEVISION DIVISION MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED BASILDON ESSEX 


make it so suitable 
SED CIRCUIT TELE 
Black and White or 


NELSON 


TIPPED 


The Perfection of Tipped Cigarettes 
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Bailliere, ¥ Tindall & Cox 
New Book 


Chassar Moir 


The Vesico-vaginal Fistula 


J. Chassar Moir, C.B.E.. M.D., M.A., D.M., F.R.C.S.E., F.R.C.0.G., 
Hon. LL.D., Nuffield Professor of Obstetrics and Gynaecology, University of Oxford. 


Vesico-vaginal fistulae are not very frequently encountered, but their incidence is sufficient 
to warrant the publication of a book on their treatment. Since the relative rarity of these 
lesions limits the occasions on which a gynaecological surgeon can gain experience in their 
treatment and repair, the publication of this practical, authoritative monograph is timely. 
Professor Chassar Moir is well known in England and abroad as an obstetric and gynae- 
cological surgeon of high repute and this book will undoubtedly be of great practical use 
to surgeons faced with vesico-vaginal fistulae and the problems of their repair. 


160 pages 61 illustrations 1 coloured plate 40s. Postage 2s. 3d. 


7 & Menrietta Street. London, WC2 


MEDICAL BOOKS 


BOOKSELLING DEPARTMENT: Very large Stock of Textbooks and Recent 
Literature in all branches of Medicine and Surgery of all Publishers. 
Catalogues on request. 


FOREIGN DEPARTMENT. Books obtained to order at the most reasonable 
rates and with the least possible delay. 


SECOND-HAND DEPARTMENT 
Medical Books. 


A large stock of recent editions always on view. Old and Rare Books sought for 
and reported. Large and small collections bought. 


LENDING LIBRARY—Medical and Scientific 
ANNUAL SUBSCRIPTION from @ 5s. 
PROSPECTUS POST FREE ON REQUEST 


THE LIBRARY CATALOGUE revised to December, 1956, containing classified 
Index of Authors and Sub . To Subscribers £1 5s. net ; to Non-Subscribers 
£2 2s. net, postage 2s. pplement to December, 1959. To Subscribers 5s. 
net; to non-subscribers 10s. 6d. net, postage 9d. 


H. K. LCEWIS & Co. Ltd. 
136 GOWER STREET LONDON, W.C.| 


Telephone: EUSton 4282 (7 lines) Established 1844 Telegrams: “‘ Publicavit, Westcent, London.” 
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The improved London Hospital eyeless needle combines 
the traditional safety of stainless steel with a new 
standard in the several qualities required by surgeons. 
These eyeless needles are the result of new methods of 
manufacture and are available in the London Hospital 
standard range. 


London Hospital EVELESS NEEDLES 


Improved temper 

Sharper points 

Maximum strength of join 
No hilt distortion 


Smaliest ratio of needle 
| diameter to size of catgut 
| — «minimizing tissue trauma 


Printed by Jackson, Ruston & Keeson, Litd.. Tree Court, London, E.C.1, England. 
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